
7. HUMAN HEALTH BASELINE RISK ASSESSMENT

This Baseline Risk Asse'ssment (risk assessment) has been prepared by Clement International
Corporation, Inc., under subcontract to ICF KE. This risk assessment was completed before the
additional sampling data collected in 1991 were available. Therefore, these data were not included
in the quantitative portions of the assessment. A review of the additional data and their impacts on
the risk assessment was conducted. These impacts are summarized at the end of this section and
discussed in greater detail in Appendix K. !

7.1 INTRODUCTION

This risk assessment addresses the potential human health and environmental impacts
associated with the Arrowhead Plating site in Montross, VA. In response to Article VII-B of the
Administrative Order by Consent (Consent Order) executed by Scovill, Inc., and the Virginia
Department of Waste Management (VADWM), a baseline risk assessment has been conducted. The
overall goal of the risk assessment is to determine whether chemicals associated with the site pose
current or potential future risks to human health or the environment. The results of the risk
assessment may be used to determine whether remediation is necessary, to provide justification for
performing remedial action, and to assist in determining which media need to be remediated.

This risk assessment follows EPA guidance for performing risk assessments in general (EPA
1986a,b,c,d) and for Superfund risk assessments in particular (EPA 1989a). This risk assessment was
conducted using generally conservative assumptions, including the concept of "reasonable maximum
exposure," as outlined by the EPA (EPA 1989a, EPA 1990b). The general purpose of using
conservative assumptions is to ensure that health protective decisions v/ill be made even in the
absence of comprehensive and definitive health studies. As a result, the risks calculated in this
assessment do not necessarily represent the true risks which are experienced by the exposed
population, but rather represent the upper-bound risks potentially experienced by the exposed
population; exposures and risks above those predicted here are highly unlikely to occur. The
approach used in this assessment is compatible with EPA's policy (EPA 1990b) of protecting all
members of the population, including sensitive subgroups, from adverse effects associated with
exposure to hazardous chemicals. j

.'.: », •' i '

The remainder of this risk assessment is organized as follows: j
'C-. . i

• Section 7.2, "Selection of Chemicals of Potential Concern." Chemicals detected
in environmental media sampled during the field investigation (soil, ground water,
surface water, and sediment) are identified and chemicals are selected for
evaluation in the risk assessment (Section 7.5). . ' >

• Section 7.3, "Exposure Assessment." The pathways by which human populations
may be exposed to chemicals of potential concern are identified. Exposure
pathways under both current and potential future land use conditions are identified
and pathways are selected for further evaluation. In addition, concentrations of
chemicals in environmental media at potential exposure points are identified and
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exposure is quantified for selected pathways. Concentration estimates are derived
using available concentration data alone or in combination with models that
describe the movement of chemicals in and between media.

Section 7.4, "Toxicity Assessment." Chemicals of potential concern are character-
ized with respect to their toxic effects in humans and health effects criteria are
identified.

Section 7.5, "Risk Characterization." Quantitative risk estimates for human populations
are derived by combining the estimated intakes (developed in Section 7.3) with the health
effects criteria (identified in Section 7.4). Qualitative risk evaluations are conducted for
selected pathways. The uncertainties and limitations of the risk assessment are discussed.

Section 7.6, "Environmental Assessment" Risks are evaluated for non-human
receptors potentially exposed to site-related chemicals. Potential receptor
populations are identified, exposure is assessed, and relevant toxicity data are
summarized. Then, information on exposure and toxicity is combined to evaluate
potential impacts on the selected receptor species.

Section 7.7, "Summary and Conclusions." The results of the risk assessment are
summarized and conclusions are presented.

7.2 SELECTION OF CHEMICALS OF POTENTIAL CONCERN

The preceding sections of this report have discussed in detail site background information and
the results of the field investigations. This information is used in this section to identify the chemicals
of potential concern in each medium. Chemicals of potential concern are defined as those chemicals
that are present because of past activities at the site, and therefore exclude those chemicals that are
definitively associated with sampling or laboratory artifacts,1 or that are present due to sources or
activities unrelated to the Arrowhead Plating site. In this assessment, both organic and inorganic
chemicals are considered for selection as chemicals of potential concern. In accordance with EPA
guidance (EPA 1989a), all potentially site-related organic chemicals are selected as chemicals of
potential concern. However, because inorganic chemicals can be present in the environment from
natural sources, unrelated to the site, they are selected as chemicals of potential concern only if they
are present in site-related samples at concentrations above those present in site background samples.

Background concentrations were determined from wells, soil borings, surface water, and
sediment samples from upgradient locations. Statistical evaluation was not possible because sufficient
numbers (three or more) of samples were not available to calculate the standard deviation needed
for statistical analysis. Instead, the following procedures were followed in comparing measured on-site
concentrations to background levels:

included in this section have undergone all stages of data validation, including a comparison to laboratory, field,
and trip blanks. .
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• For media in which two background samples were available (i.e.,, ground water and
soil borings), a chemical was considered to be within background levels if the
maximum detected concentration was within the range of background
concentrations. I

v-: | '

• For media in which only one background sample was available (i.e., surface water
and sediment), a chemical was considered to be within background levels if the
maximum detected concentration was less than two times the background level.
Although a factor of 2 is arbitrary, it is used to reflect some of the inherent
variation in chemical distribution in the environment. The factor of 2 is regarded
as conservative because natural variation in background concentrations can be over
an order of magnitude. I

Sample results are tabulated for each environmental medium sampled during the field
investigation (surface soil, subsurface soil, ground water, surface water, and sediment) and are
summarized by presenting the range of detected concentrations and the frequency of detection for
each chemical (excluding the additional 1991 data) to provide an indication of the extent of
contamination in these media. i

I . -
The following steps were used to summarize sampling data for each medium.

i
• Chemicals that were never detected in a given medium were excluded from the

data summary for that medium. !
!

• Duplicate samples (those taken at the same location on the same day) were
combined by calculating the arithmetic average of the two sample concentrations.

• Round 1 and Round 2 data from any given sampling point were combined by
taking the arithmetic average of the two sample concentrations.

j

• To calculate the arithmetic average for a data pair (i.e., duplicates, or Round 1
and 2 data), in which the chemical was detected in only one member of the sample
pair, one-half of the sample quantitation limit (SQL) was used for non-detected
chemical concentration. If an SQL was not available, one-half of the Contract
Laboratory Program quantitation limit (CRQL) was used instead. If a chemical
was detected in only one member of a sample pair to be averaged, the average of
the two numbers was labeled as a detect. Sample-specific detection limits which
exceeded two times the maximum detected value for a given chemical in a given
medium were excluded from arithmetic average calculations. This was done to
prevent the mean from being artificially biased upwards by high detection limits.

I
Summarized data are discussed below by medium. Section 3 of this report should be consulted

for an identification of sample locations within each medium. :i
i

7.2.1 Surface Soil ii
One round of surface soil (0-6 in.) samples was collected from 20 locations on the site and

analyzed for volatile organic compounds (VOC), base neutral acids (BNA), and inorganic chemicals.
Eight samples'were collected around the former drum storage areas east and north of the existing
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A.R. Winarick facility, four samples were collected surrounding the above-ground acid tanks located
north of the building, four samples were collected around the above-ground chlorinated solvent tank
near the northwest corner of the building, three samples were collected from the drain lines which
drain from the site into Scates Branch, and one composite sample was collected from an area of
stained soil (SP1) located near the large drum storage area.

Chemicals detected in the surface soil are shown in Table 7-1 (excluding the additional 1991
data), along with the frequency of detection, range of detection limits, and range of detected
concentrations. Table 7-1 also presents background concentrations for soils of the area. Because
no site-specific background surface soil samples were available, chemical concentrations in subsurface
soil from background areas (SB1 and SB3) were used to evaluate the site-relatedness of inorganic
chemicals in surface soils. An inorganic chemical was considered site related if its surface soil
concentration was above the range of background concentrations reported from subsurface soil.
Organic chemicals that were detected in a given area, and inorganic chemicals whose concentrations
are considered significantly greater than background levels are identified by an asterisk as chemicals
of potential concern in that area.

Sampling data for surface soil are discussed below by sampling location. Separate discussions
are presented because each sampling location represents a distinct source area; evaluating them
separately will facilitate in the determination of the need to remediate the individual source areas.

Drum Storage Areas. Three drum storage areas were sampled. Several volatile and semi-
volatile (phthalates) chemicals were detected in these areas. With the exception of acetone, which
was detected in three of eight samples, all organic chemicals were detected infrequently (one of eight
samples) and at generally low concentrations. Acetone, bis(2-ethylhexyl)phthalate, and carbon
tetrachloride were detected at concentrations at or near the detection limit, and methylene chloride
was detected at a concentration below the detection limit. All organic chemicals, although present
infrequently and at low concentrations, are selected as chemicals of potential concern for the drum
storage areas.

Inorganic chemicals, with the exception of iron, were present at concentrations above
background concentrations and therefore are selected as chemicals of potential concern for the drum
storage area.

Acid Tank Area. Acetone, methyl ethyl ketone (2-butanone), and bis(2-ethylhexyl)phthalate
were the only organic chemicals detected in the acid tank area. Acetone and methyl ethyl ketone
were detected in one of four samples (SS35) and bis(2-ethylhexyl)phthalate was detected in two of
the four samples (SS32 and SS33). The detected concentrations of these chemicals are low, with the
reported concentration of methyl ethyl ketone near the detection limit and that of bis(2-ethyl-
hexyl)phthalate below the detection limit. These chemicals are nevertheless selected as chemicals of
potential concern. Inorganic chemicals, with the exception of iron, were detected at concentrations
above background concentrations and therefore are selected as chemicals of potential concern for
the acid tank area.

Solvent Tank Area. Tetrachloroethene was detected in all 4 samples collected in this area with
a maximum concentration of 3,300 g/kg. Acetone and 1,1,1-trichloroethane were detected in one
sample each (SS3.6 and SS37, respectively) at concentrations of 3,200 and 20 ng/kg, respectively.
Phenanthrene, a polycyclic aromatic hydrocarbon (PAH), was detected once (SS36) at a reported
concentration below the quantification limit. All organic chemicals are selected as chemicals of
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01-Apr-91 PLATSURF

TABLE 7-1 :: ._._:
SUMMARY OF CHEMICALS DETECTED IN

SURFACE SOIL AT THE ARROWHEAD PLATING SITE !
(Concentrations reported as ug/kg for organic and dig/kg for inorganic chemicals)

Area/
Chemical

Drum Storage Areas (c)

Organics:
* Acetone
* Bis(2-ethylhexyl)phthalate
* Carbon tetrachloride
* Di-n-butylphthalate
* Methyl ethyl ketone
* Methylene chloride
* Tetrachloroethene
* 1,1,1-Trichloroethane
* Trichloroethene

Inorganics:
* Aluminum
* Barium
* Calcium
* Chromium
* Copper
* Cyanide

Iron
* Lead
* Nickel
* Potassium
* Silver
* Sodium
* Zinc

Acid Tank Area (d)

Organics:
* Acetone
* Bis(2-ethylhexyl)phthalate
* Methyl ethyl ketone

Inorganics:
* Aluminum
Barium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Mercury
Nickel
Potassium
Sodium
Zinc

Solvent Tank Area (e)

Organics:
* Acetone
* Phenanthrene
* Tetrachloroethene
* 1,1,1-Trichloroethane

Inorganics:
* Aluminum
* Barium
* Cadmium

Ca I c i urn
Chromium
Copper
Iron
Lead
Mercury
Nickel
Potassium
Si Iver
Sodium
Zinc

Frequency of
Detection (a)

3/8
1/8
1/8
1/8
1/8
1/8
1/8
1/8
1/8

8/8
8/8
8/8
8/8
6/8
7/8
8/8
5/8
8/8
8/8
1/8
8/8
8/8

1/4
2/4
1/4

4/4
4/4
4/4
4/4
2/4
1/4
3/3
3/4
1/4
3/4
4/4
4/4
4/4

1/4
1/4
4/4
1/4

4/4
4/4
1/4
4/4
4/4
3/4
4/4
4/4
1/4
4/4
4/4
1/4
4/4
4/4

Range of
Detection Limits

11 - 12
270 - 390

6
370 - 770
11 - 12

6
6
6
6

80
80

2,000
4

10 - 13
0.5
40

4.9 - 8.6
16

2,000
0.3 - 0.4
2,000

8

8 - 12
370 - 390
11 - 12

80
80

2,000
4

2.7 - 11
0.5 - 0.6

40
4.6

0.1 - 0.1
1.3

2,000
2,000

8

1 1 - 6 0
660
10
6 •

80
80

0.6 - 0.6
2,000

4
8.3
40
1.2
0.1
16

2,000
0.3 - 0.3
2,000

8

7-5

:'a-- -
Range of Detected
Concentrations

11 •• 50
310
6

490
21
4
97
32;>9

4,300 - 9,800
19 •• 51

500 •• 19,000
6.8 • 12
32 •• 180
0.6 • 8.7

5,000 •• 11,000
5.2 •• 9

• 2.4 •• 6.3
170 •• 860

0,,7
53 •• 340
15 •• 77

98
190 •• 200

16

1,000 •• 15,000
• 18-68
100 •• 1,900
3 • 19
35 - 37
0.7

560 - 16,000
6.6 • 10

0.2
2.5 - 9.5
150 • 520
30 • 95
1.9 • 51

3,200
KO

19 - 3,300
2!0

5,800 - 8,500
37 - 140

1.0
600 - 4200
7.7 - 13
31 - 7,800

6,900 - 12,000
6.9 - 19

6.4
2.5 - 15
200 - 310

0.5
39 - 140
12 - 860

n &
Hn 30 | fcj

: Range of
Background

Concentrations (b)

^
'ND (11 - 14)
ND (380 - 470)

• ND
ND

ND (11 - 14)
ND (6 - 7)
ND (6 - 7)

ND
; ND

'
2300 - 4500
8.4 - 8.5
15 - 25
3.9-7
3.7 - 4.5

ND (0.36 - 0.4)
21,000 - 27,000
ND (4.5 - 4.8)

3.1 - 3.2
ND (104 - 200)

, ND (0.33)
ND (14 - 17)

7.2 - 9.7

,

ND (11 - 14)
ND (380 - 470)
ND (11 - 14)

i
2300 - 4500
8.4 - 8.5
1 5 - 2 5
3.9-7
3.7 - 4.5

ND (0.36 - 0.4)
21,000 - 27,000
ND (4.5 - 4.8)

ND (0.11)
3.1 - 3.2

ND (104 - 200)
ND (13.6 - 16.5)

, 7.2 - 9.7

i
ND (11 - 14)

ND
ND (6 - 7)

ND

2,300 - 4,500
8.4 - 8.5
ND (0.54)
15 - 25
3.9-7
3.7 - 4.5

21,000 - 27,000
ND .(4.5 - 4.8)

ND (0.11)
3.1 - 3.2

ND (104 - 200)
ND (0.33)

ND (13.6 - 16.5)
7.2 - 9.7
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16-Apr-91 PLATSURF

TABLE 7-1 (Continued)

SUMMARY OF CHEMICALS DETECTED IN
SURFACE SOIL AT THE ARROWHEAD PLATING SITE

(Concentrations reported as ug/kg for organic and mg/kg for inorganic chemicals)

Area/
Chemical

Drain Lines Area (f)

Inorganics:
* Aluminum
* Barium
* Calcium
* Chromium
* Copper

Iron
* Lead
* Mercury
* Nickel
* Potassium
* Sodium
* Zinc

Stained Area (g)

Organics:
* Bis(2-ethylhexyl)phthalate
* 1,2-Dichloroethene (total)
* Tetrachloroethene

Frequency of
Detection (a)

3/3
3/3
3/3
3/3
3/3
3/3
3/3
1/3
3/3
3/3
3/3
3/3

1/1
1/1
1/1

Range of
Detection Limits

80
80

2,000
4
10
40
1.2

0.1 - 0.1
16

2,000
2,000

8

10
5
10

Range of Detected
Concentrations

8,700 - 11,000
30 - 35
100 - 300
10 - 13

4.3 - 5.1
8,400 - 14,000

6 - 8.2
0.1

4.5 - 5.6
320 - 400
16 - 44
13 - 15

1,200
580
150

Range of
Background

Concentrations (b)

2,300 - 4,500
8.4 - 8.5
15 - 25

3.9 - 7
3.7 - 4.5

21,000 - 27,000
ND (4.5 - 4.8)

ND (0.11)
3.1 - 3.2

ND (104 - 200)
ND (14 - 17)
7.2 - 9.7

ND (380 - 470)
. ND (6 - 7)

ND (6 - 7)

(a) The number of samples in which the chemical was detected divided by the total number of samples analyzed.
(b) No surface soil background concentrations were available. Therefore, background concentrations obtained

from subsurface soil samples (SB1 and SB3) are reported here.
(c) Samples: SS21 - SS28.
(d) Samples: SS32 - SS35.
(e) Samples: SS36 - SS39.
(f) Samples: SS29 - SS31.
(g) Sample: SP1. Sample analyzed for organic chemicals only.
* = Chemical of potential concern.

ND = Not detected. Detection limits given in parentheses if available.
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•:" " \
potential concern. In addition, all inorganic chemicals with the exception, of iron were detected at
concentrations above background and therefore are selected as chemicals; of potential concern for
the solvent tank area. j

. - i
Drain Lines. No VOCs and BNAs were detected in any of the three drain line samples.

However, all of the inorganic chemicals with the exception of iron were detected at concentrations
above background and are selected as chemicals of potential concern. \

Stained Area. The composite sample taken from the stained area (SP1) was analyzed only for
organic chemicals. Tetrachloroethene, 1,2-dichloroethene, and bis(2-ethylhexyl)phthalate were the
only organic chemicals detected and are selected as chemicals of potential concern for the stained
area. ]

7.2.2 Subsurface Soil :

Subsurface soil samples were collected from 13 soil borings obtained during monitoring well
installation, including borings from on-site background locations (SB1 and SB3) and analyzed for
VOCs, BNAs, and inorganic chemicals. Six additional borings from the old pond and sludge storage
pond areas (SB15-SB20) were analyzed for copper, zinc, cyanide and organic chemicals. These three
inorganic chemicals were associated with past activities at the site and were detected at high
concentrations in the drum storage and pond areas prior to the Immediate Removal Actions
conducted in 1986-1990.

The chemicals detected in subsurface soil samples are presented in Table 7-2 (with the
exception of the additional 1991 data) along with the frequency of detection, range of detection
limits, range of on-site concentrations, and range of background concentrations. Chemical
concentrations were averaged across depth within a soil boring before being summarized along with
other data from across the site. No concentration trends with respect to depth were observed, and
therefore data were not summarized with respect to depth. Six VOCs and two BNAs were detected
in subsurface soil samples. Acetone and tetrachloroethene were each detected at 3 of 12 sample
locations. Methyl ethyl ketone (2-butanone), methylene chloride, toluene, and xylenes were each
detected once. 4-Chloro-aniline and bis(2-ethylhexyl)phthalate, both BNAs, were each detected only
once. 4-Chloro-aniline was not detected in any other media at the sits. All organic chemicals
detected in subsurface soils are selected as chemicals of potential concern. i

Twelve inorganic chemicals were detected in subsurface soil. Five of the twelve inorganic
chemicals (aluminum, copper, nickel, potassium, and zinc) were detected in all samples analyzed. In
the six additional samples analyzed for only copper, zinc, and cyanide, copper and zinc were detected
in all samples, and cyanide was detected in five of the six samples.

-!

All inorganic chemicals detected in subsurface soils are selected as chemicals of potential
concern because they were present at levels that exceeded the range of background concentrations.

7.2 J Ground Water

Groundwater samples were collected from 16 monitoring wells, including 2 on-site background
wells (MW1 and MW3), and analyzed for VOCs, BNAs, and inorganic chemicals. With the exception
of the wells AR-1, AR-2, and AR-3, two rounds of samples were collected and analyzed for VOCs,
BNAs, and inorganic chemicals. Data from Round 1 and Round 2 were averaged for each well
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27-Mar-91 PLATBORE

TABLE 7-2

SUMMARY OF CHEMICALS DETECTED IN i
SOIL BORINGS AT THE ARROWHEAD PLATING SITE j

(Concentrations reported as ug/kg for organic and mg/kg for inorganic chemicals)

Chemical

Organics:
* Acetone
* Bis(2-ethylhexyl)phthalate
* 4-Chloroaniline
* Methyl ethyl ketone
* Methylene chloride
* Tetrachloroethene
* Toluene
* Xylenes (total)

Inorganics:
* Aluminum
* Barium
* Calcium
* Chromium
* Copper
* Cyanide
* Iron
* Lead
* Nickel
* Potassium
* Sodium
* Zinc

Frequency of
Detection (a)

3/12
1/11
1/11
1/12
1/12
3/12
1/12
1/12

11/11
5/11
5/11
5/11
17/17
6/17
5/11
5/11
11/11
11/11
4/11
17/17

Range of
Detection Limits

11 - 16
360 - 380
360 - 840
1 1 - 1 6
5 - 8
5 - 11
5-5.5
5 - 6

80
9.5 - 44
100 - 450
6.2 - 18.4

10
0.3 - 0.7

9,690 - 54,100
3.1 - 5.6

16
2,000

14.8 - 575
8

Range of
Detected On-site
Concentrations (b)

12 - !i,600
210
515
13

10.5
8 - 70,000

3
4

3,600 - «,300
12 - ]!3
18 - 10,000

5.5 - 2!3
1.4 - :!30
0.2 - 1.1

9.900 - 73,000
4.2 - 9.7
1.4 - 5.4
160 - 11,100
82 - 500
5.2 - 91

Range of
' Background

Concentrations (c)i
i

ND (11 - 14)
ND (380 - 470)
ND (380 - 470)
ND (11 - 14)
ND (6 - 7)
ND (6 - 7)
ND (6 - 7)
ND (6 - 7)

2,300 - 4,500
8.4 - 8.5
15-25
3.9-7
3.7 - 4.5

ND (0.36 - 0.4)
21,000 - 27,000

4.8
3.1 - 3.2

198
(d)

7.2 - 9.7

(a) The number of soil boring locations at which the chemical was detected divided by the total number of soil
boring locations for which samples were analyzed.

(b) Samples: SB2, SB4 - SB13, SB20. i
(c) Samples: SB1 and SB3.
(d) Sodium was reported in the blank at concentrations higher than those reported in the background samples.

Therefore, the actual concentrations in the background sample are unknown.
* = Chemical of potential concern. '

ND = Not detected. Detection limits given in parentheses. ;
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TABLE 7-3

SUMMARY OF CHEMICALS DETECTED IN
GROUND WATER AT THE ARROWHEAD PLATING SITE

(Concentrations in ug/L)

Chemical

Organics:

* Acetone
* Chloroform
* 1,1-Dichloroethane
* 1,1-Dichloroethene
* 1,2-Dichloroethene (total)
* Methylene Chloride
* Tetrachloroethene
* 1,1,1-Trichloroethane
* Trichloroethene

Inorganics:

* Aluminum
* Barium
* Cadmium
* Calcium
* Chromium
* Copper
* Cyanide
* Iron
* Lead
* Mercury
* Nickel
* Potassium
* Silver
* Sodium
' Zinc

Frequency of
Detection (a)

3/14
1 / 14
1 / 14
7/14
3/14
3/14
11 / 14
9/14
10 / 14

14 / 14
14 / 14
3/14
14 / 14
14 / 14
14 / 14
5/14
14 / 14
14 / 14
1 / 14
8/14
14 / 14
2/14
14 / 14
14 / 14

Range of
Detection Limits

7.5 - 2,500
5

5 - 7.5
5 - 750
5 - 2,500
5 - 100

5
5

5 - 2,500

400
400
3 - 5

10,000
20
50

5 - 10
200
6

0.2
5 - 11

10,000
1

10,000
40

Range of Detected
On-Site Concentrations (b)

12 - 780
9.8
42

4.5 - 6,200
79 - 4,400
3.3 - 180
19 - 16,000
4.5 - 90,000
3 - 4,500

2,200 - 55,000
26 - 230
4.1 - 7.6

2,600 - 150,000
3.8 - 79
2.3 - 9,100
11-78

6,900 - 110,000
• 2-40
. 0.2
7.5 - 540

1,200 - 13,000
0.8 - 0.9

5,500 - 250,000
18 - 4,100

Range of Background
Concentrations (c)

ND (7.5) - 96
ND (5 - 15)
ND (5 - 15)
ND (5 - 15)
ND (5 - 15)

3.8
ND (5 - 15)
ND (5 - 15)
ND (5 - 15)

3,600 - 5,700
40 - 77

ND (4.5 - 5)
4,200 - 23,000

5.1 - 14
4.1 - 4.5

ND (5 - 10)
6,700 - 10,000
3.2 - 4.7
ND (0.2)

10.4
1,700 - 3,000

ND (1) Ĵ L̂
6,900 - 24,Ô Â

11 - 38 ^^V

(a) The number of wells in which the chemical was detected divided by the total number of wells sampled.
(b) Samples: MW2, MU4 - MW13, AR1 - AR3.
(c) Samples: MW1 and MW3.

* = Chemical of potential concern.
ND = Not detected. Detection limits given in parentheses. Value shown is arithmetic mean of Round 1 and Round 2 detection

limits.
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before being summarized with other data from across the site. The chemicals detected in ground
water are summarized in Table 7-3 (with the exception of the 1991 data). Copper and zinc were
detected in all wells, and cyanide was detected in 5 of 14 wells. All organic and inorganic chemicals
detected in ground water are selected as chemicals of potential concern.

]

No BNAs were detected in any of the samples. VOCs, particularly halogenated aliphatic
hydrocarbons, were present in 13 of 14 wells, as were the majority of the inorganic chemicals.
Tetrachloroethene and trichloroethene were the most frequently detected VOCs, being detected in
11 and 10 wells, respectively, of the total of 14 wells sampled. ;

Acetone and methylene chloride were detected in both upgradient and downgradient wells.
Concentrations of these two chemicals were compared against concentrations in the blanks as part
of the standard QA/QC procedures; because the concentrations were significantly higher than
concentrations in the blank, they are reported as detected and are included as chemicals of potential
concern.

The halogenated organic chemicals detected in ground water may have been used as solvents
at the Arrowhead Plating site or may have been present as impurities in solvents used at the site.
In ground water, chlorinated organic chemicals such as tetrachloroethene and 1,1,1-trichloroethane
are transformed over time by reductive dechlorination. Trichloroethene and 1,2-dichloroethene, both
products of reductive dechlorination, are present in ground water, suggesting that this process may
be occurring in ground water at the site.

Vinyl chloride, one of the ultimate products of reductive dechlorination, was not present in
any of the initial groundwater samples at detectable levels. However, the groundwater samples had
to be diluted to obtain quantifiable concentrations of some of the VOCs and the resulting sample
quantitation (detection) limits for vinyl chloride range from 10 to 20,000 jig/L. In the additional 1991
sampling, vinyl chloride was detected in 5 of 20 samples at concentrations ranging from 2 to 10 |ig/L.
See Appendix K for impacts to risk assessment. ;

I

7.2.4 Surface Water

Surface water in the immediate vicinity of the site consists of Scales Branch, its tributary
streams, and Weavers Mill pond. Scales Branch originates at the northeast corner of the site and
flows in a northeasterly direction for approximately one mile, where it enters Weavers Millpond. Two
rounds of surface water samples were obtained from seven locations (ST1 to ST7) in nearby surface
water and analyzed for VOCs, BNAs, and inorganic chemicals. ST1 was located on Scales Branch
immediately northeast of the site. ST2 and ST3 were located downstream on Scales Branch before
the millpond. ST4, considered to be a background sample, was located on an unnamed branch lhal
joins Scales Branch downslream of ST3. ST5 was on Scales Branch below Ihis junclion, ST6 was al
ihe inflow to Weavers Millpond, and ST7 was located al Weavers Millpond near ils oulflow into
Pierce Creek. Table 7-4 summarizes surface water sampling dala (excluding addilional 1991 data).
Inorganic chemical concentralions are reported as lotal concentrations. ,

VOCs were detected only in ST1 and ST2, the two sample points located nearest to the site
and not in samples collected further downstream suggesting thai surface water transport of these
chemicals is limited by volatilization. Bis(2-elhylhexyl)phthalate was ihe only BNA detected in surface
water. It was detected only in Round 1, al a concenlralion of 18 ug/L. All VOCs detected in the

7-10 ; ;~ "May 1,1991



27-Mar-91 SUMSURF

TABLE 7-4

SUMMARY OF CHEMICALS DETECTED IN
SURFACE WATER AT THE ARROWHEAD PLATING SITE

(Concentrations in ug/L)

Frequency of
Chemical Detection (a)

Organics:

* Bis(2-ethylhexyl)phthalate
* 1,2-Dichloroethene (total)
* Tetrachloroethene
* Trichloroethene

Inorganics (d):

* Aluminum
Barium
Cadmium

* Calcium
Chromium

* Copper
* Cyanide
* Iron

Lead
* Potassium
* Sodium

Zinc

1 16
2 /6
2 /6
2 /6

6 /6
6 /6
2 /6
6 /6
1 /6
6 /6
1 /6
6 /6
2 /6
6 /6
6 /6
6 /6

Range of
Detection Limits

10 - 14
5
5
5

400
400
3.5

10,000
7 - 7.4
50
10
200

1 - 2.1
10,000
10,000

40

Range of Detected
On-Site Concentrations (b)

5.3
7.5
6.5

280
24
5.2

3,400
5

1.2

2,600
0.8

2,300
4,400
7.5

12
- 25
- 38
- 34

- 2,400
- 87
- 5.3
- 20,000
.9
- 11
16
- 6,200
- 1.8
- 7,900
- 110,000
- 15

Background
Concentrations (c)

ND (9.5)
ND (5)
ND (5)
ND (5)

380
59
4.7

3,600
4.8
1.3

ND (10)
1,400
1.1

2,900
9,800

15

(a) The number of locations at which the chemical was detected divided by the total number of locations sampled.
(b) Samples: ST1 - ST3, ST5 - ST7.
(c) Sample: ST4.
(d) Total concentrations reported.

* = Chemical of potential concern.
ND = Not detected. Detection limit given in parentheses. Value shown is arithmetic mean of Round 1 and Round 2

detection limits.
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Scales Branch, and bis(2-ethylhexyl) phthalale, are selected as chemicals of potential concern in
surface water. - j

- " '" i
Of the inorganic chemicals detected, all except barium, cadmium, chromium, lead, and zinc

were detected al concentralions above background and are chosen as chemicals of potential concern.
No chemical dislribution trend was observed for inorganic chemicals.

7.2.5 Sediment \
i

Sediment samples were collected from the same locations as surface water samples (ST1-ST7)
and analyzed for VOCs, BNAs, and inorganic chemicals. Table 7-5 summarizes sediment sampling
data (excluding 1991 dala). VOCs were detected only in ST1, and only in the first of the two
sampling rounds. Acetone, melhyl elhyl kelone (2-bulanone), benzoic acid, and bis(2-elhylhexyl)
phthalate are the BNAs detected in sediment. All VOCs and BNAs detected in sediment are chosen
as chemicals of potential concern. Of the inorganic chemicals detected in sediment, only calcium,
nickel and sodium were detected at concentralions above background concentrations; these inorganic
chemicals also are selected as chemicals of potential concern in sediment

7.2.6 Summary of Chemicals of Potential Concern

Table 7-6 presenis the chemicals of potential concern for each medium. As shown in this
table, ground water contains the highest number of the chemicals of potential concern followed by
surface soil. Volatile organic chemicals comprise the majority of the organic chemicals of potential
concern; Ihese chemicals were detected in all media sampled at the site. All media conlain a large
number of inorganic chemicals of potential concern. Although, it is possible thai all Ihese inorganic
chemicals are site-related, it is most likely lhal some are within true background levels but could not
be eliminated from evaluation based on the few background samples collected al Ihe site.

73 EXPOSURE ASSESSMENT

In Ihis section, the potential palhways by which human populations may be exposed lo Ihe
chemicals of potential concern are identified and exposure is quantified. In Section 7.3.1, potential
exposure palhways under bolh currenl and fulure land-use conditions are discussed and exposure
palhways are selected for furlher evaluation. In Section 7.3.2, Ihe chemical concenlralions at the
exposure points are calculated for each palhway selected for quantitative evaluation. Then Ihe
magnitude, frequency, and duration of exposure are estimated and exposures (intakes) are quantified.
Il should be noted lhal this quantilalive analysis does not include the 1991 sampling dala. See
Appendix K for impacts to the risk assessment. i

73.1 Potential Exposure Pathways ;

An exposure pathway describes the course a chemical takes from the source to the exposed
individual. Ail exposure pathway generally consists of four elements:

• A source and mechanism of chemical release; j
i

• A receiving and/or transport medium; !

IIft30 | &r|i$*head RI
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27-Mar-91 SUMSED

TABLE 7-5

SUMMARY OF CHEMICALS DETECTED IN
SEDIMENT AT THE ARROWHEAD PLATING SITE

(Concentrations reported as ug/kg for organic chemicals and mg/kg for inorganic chemicals)

Chemical

Organics:

* Acetone
* Benzoi c acid
* Bis(2-ethylhexyl)phthalate
* 1,2-Dichloroethene (total)
* Methyl ethyl ketone
* Tetrachloroethene
* Trichloroethene

Inorganics:
Aluminum
Barium
Cadmium

* Calcium
Chromium
Copper
Iron
Lead

* Nickel
Potassium
Silver '

* Sodium
Zinc

Frequency of
Detection (a)

3/6
2/6
2 / 6
1 / 6
1 / 6
1 / 6
1 / 6

6/6
6/6
4/6
6/6
6/6
6/6
6/6
6/6
4/6
6/6
5 / 6
6/6
6/6

Range of
Detection Limits

13 - 14
3,200
440 - 530
6.5 - 8
13 - 14
6.5 8
6.5 - 8

80
80

0.4 - 0.4
2,000

4
10
40
1.2

1.8 - 1.9
2,000
0.3

2,000
8

Range of Detected
On-Site Concentrations (b)

9.3 - 68
500 - 730
200 - 430

4.6
14

10.6
5.1

750 - 16,000
5.8 - 105
0.4 - 0.6
100 - 680
3.8 - 17
1.6 - 7.1

3,300 - 3,000
1.7 - 7.6
2.6 - 9.2
270 - 930
0.3 - 0.8
22 - 150
6.3 - 35

Background
Concentrations (c)

15
ND (2,400)

ND (495)
ND (7.5)
ND (15)

ND (7.5)
ND (7.5)

10,000
58
0.4
250
24
5.3

12,000
7

2.5
1,600
0.4
65
20

(a) The number of locations at which the chemical was detected divided by the total number of locations sampled.
(b) Samples: SD1 - SD3, SD5 - SD7.
(c) Sample: SD4.

* = Chemical of potential concern.
ND = Not detected. Detection limits given in parentheses. Value shown is the arithmetic mean of Round 1 and Round 2

detection limits.

Arrowhead RI
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27-Mar-91 ARROWHEAD CHEMCON

TABLE 7-6

SUMMARY OF CHEMICALS OF POTENTIAL CONCERN FOR THE ARROWHEAD PLATING SITE

Surface Soil

Chemical

Organics:

Acetone
Benzoic acid
Bis(2-ethylhexyl)phthalate
Carbon tetrachloride
4-Chloroaniline
Chloroform
1 , 1 -D ich loroethane
1 , 1 - D i ch I oroethene
1,2-Dichloroethene (total)
Di-n-butylphthalate
Methyl ethyl ketone
Methylene chloride
Phenanthrene
Tet rach I oroethene
Toluene
1,1,1 -Trich loroethane
Trichloroethene
Xylenes (total)

Inorganics:

Aluminum
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Mercury (inorganic)
Nickel
Potassium
Silver
Sodium
Zinc

Drum
Storage
Areas

X

X
X

X
X
X

X

X
X

X
X

X
X
X
X

X

X
X
X
X
X

Acid
Tank
Area

X
X

X

Solvent
Tank
Area

X

X
X

X

Drain
Lines Stained
Area Area

X

X

X

Sub-
Surface
Soil

X

I
Ground Surface
Water Water Sediment

X X
X

X X
X
X

X
X

X
X

X
X
X
X >

X

X
X

X X X

X
X X X

X
X

X
X
X
X

X
X
X
X

X
X

X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X

X
X
X
X

X
X

X

X
X

X
X
X
X
X
X

X
X

X
X

I

X X
X
X
X X X
X
X X
X X,
X X
X
X
X X
X X
X
X X X
X

X = Selected as a chemical of potential concern in this medium.
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• A point of potential contacl wilh Ihe conlaminaled medium; and

• An exposure route (e.g., ingeslion) al Ihe conlacl point

A pathway is considered complete only if all Ihese elemenls are present Only complete
pathways are evaluated in risk assessmenls. The firsl two elemenls of a complete exposure palhway
have been discussed in previous sections of Ihis report In Ihis section, information regarding Ihe
sources and fale and Iransport of chemicals at the Arrowhead Plating site is combined with
information on population locations, activity pallerns, and land use to define exposure palhways.
Potential exposure pathways under both currenl and hypothetical future use of Ihe site and
surrounding area are discussed below and Ihen Ihe pathways selected for evaluation are summarized.

73.1.1 Potential Exposure Pathways Under Current Land-Use Conditions

The Arrowhead Plating site is a currenlly operating facility located in a rural area in eastern
Virginia. Properties neighboring the facility include a truck repair garage and lumber yard to Ihe
norlh, Chandler's Chevrolel dealership to the south, and agricultural land to Ihe easl and west The
closesl town is Monlross, located approximately 2 miles northwesl of ihe site, with a population of
approximately 500. Monlross is characterized as a rural agricultural town with a small industrial base.
Land use within a mile of the site is predominantly farmland or undeveloped open fields and
woodlands.

The primary human receptor populations of concern are the employees of A.R. Winarick
Company and Matlatuck Manufacturing Company who work in the manufacturing building on site.
No residents live on land adjacent to the site and given thai the closest residential developmenl is
a mile away, Irespassing is nol likely to be common. Further, no public or private recreation areas
exisl in Ihe immediate vicinity. Potential exposure pathways for Ihese worker populations are
discussed below for each medium for which chemicals of potential concern were selected.

Soil. Surface Soil. Workers at Ihe site could be exposed to chemicals in surface soil by direct
conlact with chemicals in surface soil, and by inhalation of chemicals volatilizing from soil or sorbed
lo airborne soil parliculates.

However, direct contacl exposures are likely lo be negligible given that the employees work
almost exclusively inside the manufacturing building and thai typical outside activities (e.g., unloading
supplies, trips to and from parked vehicles) are of brief duration and do not involve extensive conlacl.
Therefore, direcl conlacl with surface soils under current land-use conditions will not be evaluated
in this assessment

Volatilization of chemicals in surface soil could result in potential worker exposures via
inhalation. Because volatile chemicals could be transported indoors where workers spend most of
their time, exposures of relatively long duration (8 hr/day) are possible. Therefore, this exposure
pathway will be evaluated quantitatively.

Generation of airborne particulates containing chemicals from surface soil also could result
in potential worker exposures via inhalation. However, the surface soil areas are for the mosl parl

Arrowhead RI
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eilher vegetated2 or compacted and covered wilh grayel, and dusl enlrainmenl from such areas is
not likely lo be as significant an exposure pathway as volatilization of chemicals from surface soil.
Therefore, this exposure pathway will not be evaluated. j

Subsurface Soil. Direcl conlacl wilh chemicals in subsurface soil could occur if deeper soils
were excavated or graded as part of some construction activity at the facility. However, such
exposures would be of very short duration and consequently are unlikely to result in significant
exposures. Therefore, direct contacl with chemicals in subsurface soils will not be evaluated in this
assessment. „ •

Ground Water. Ground water is not currently used at the site for drinking water. However,
ground water is the source of drinking water for all residents in the area. However, all private water
supply wells identified within a three mile radius of the site are upgradient or crossgradient, and
therefore would not be impacted by the site. Neither ground water nor surface water are used for
irrigation in the vicinity of the site. Under the current land use conditions, a point of contact does
not exist for the groundwater pathway. Therefore exposure to chemicals in ground water will nol be
assessed under current land use conditions. =s, i

Surface Water and Sediment. It is unlikely thai individuals will be exposed to chemicals in
Ihe surface water (or volatilization of VOCs from Ihe water) due lo Ihe isolation of Ihe site from
residential areas. The individuals most likely to be exposed to chemicals in surface water at the site
are children who may wade or otherwise play in the water. The area is not very accessible to
children, as there are no residences, playgrounds, schools, or olher such areas nearby. Therefore
exposure to chemicals in surface water under current land use conditions will nol be quantified.

Ingestion of fish in Scales Branch that have accumulated chemicals presenl in surface water
is nol likely because given Ihe exlremely shallow nalure of Scales Branch (e.g., aboul 3-4 in. deep3)
it is unlikely to support sport fish populations. Sport fish populations! could exist in Weavers
Millpond. However, none of the chemicals detected in or near Weavers Millpond (at ST6 and ST7)
are likely lo accumulate appreciably in fish given Iheir low concentrations (e.g., generally < 1 mg/L)
and their low potential for significant bioaccumulation in fish (bioconcentralion factors range from
1 [copper, EPA 1985a] lo 136 [aluminum, EPA 1988a]). Also, Weavers Millpond is nol easily
accessible to the public since the only road leading to Ihe millpond, which is located on private
property, has a gale which is usually locked. Therefore, exposures via ingestion of fish caught from
Weavers Millpond are likely to be negligible and will not be evaluated in this assessment.

73.1.2 Potential Exposure Pathways Under Future Land-Use Conditions

II is possible that in the future, the Arrowhead Plating site could be sold and redeveloped as
a residential area, potentially resulting in residential exposures lo chemicals in soil, ground water,
surface water, and sediment. Although residential development of ihe sile is probably nol likely, il
will be evaluated in this assessment to provide an upper-bound estimate of potential risks associated
with alternate future use of the sile. Potential exposure palhways for failure residenls under Ihis
scenario are discussed below. \

2The waste water and sludge storage ponds have recently been reseeded and will be maintained with a permanent
vegetative cover. .• .

'Observed during ICF site visit on April 4, 1990. \

_ .̂vhead RI
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Soil. Future residents located at Ihe currenl sile could be exposed lo chemicals in surface soil
via direct contacl wilh subsequenl dermal absorption and incidental ingestion or via inhalation of
chemicals lhal have volatilized from surface soil and Iherefore, Ihese exposure palhways will be
quanlilalively evaluated in Ihis assessment. Inhalation exposures to chemicals or wind-blown dusl are
nol considered likely because Ihe sile is likely lo remain vegelaled (e.g., for lawns) or paved (e.g., for
driveways) if il is developed in Ihe fulure for residential use.

Ground Water. Il is possible lhal future residents of the sile could use groundwater from the
site as a source of drinking water and could be exposed to chemicals in ground water via ingestion.
This palhway will be evaluated quantitatively.

Individuals using ground water for tap water also could be exposed to chemicals via dermal
absorption or via inhalation of chemicals that volatilize during use. Exposures via these pathways
could be equal to those from ingestion of ground water, and therefore a qualitative evaluation of risks
to future residents exposed via dermal absorption and inhalation of chemicals that volatilize from tap
water will be included.

Surface Water. Scales Branch, the nearest surface water body, is too shallow for individuals
lo swim in and does nol support sport fish populations, and therefore adults and teens from future
residences are not likely to engage in activities which would result in exposure lo chemicals in surface
water. However, younger children (who could reside on Ihe Arrowhead Plating Site under future
land-use conditions), could wade in Scales Branch while playing. These children could potentially be
exposed to chemicals in surface water by dermal contact (incidental ingestion would be negligible
while wading) and Iherefore dermal conlacl wilh chemicals in surface water will be evaluated
quantilalively in Ihis assessment.

Sediment. Children also may be exposed to chemicals in sediments by dermal contacl and
incidental ingestion. Dermal contact with chemicals in sediment will also be evaluated quanlilalively.

73.13 Summary of Exposure Pathways Selected for Evaluation

Table 7-7 summarizes Ihe exposure pathways selected for quantitative or qualitative evaluation
in this assessment

73.2 Quantification of Exposure

In Ihis section, exposures are estimated for all pathways selected for quantilalive evaluation.
To quantilalively assess exposures, Ihe chronic or subchronic4 daily inlake of Ihe chemicals of
potential concern in each medium is estimated. Chronic daily inlakes (GDIs) and subchronic daily
inlakes (SDIs) are expressed as the amount of a substance taken into the body per unit body weight
per unit time, or mg/kg-day. GDIs and SDIs are averaged over a lifetime for carcinogens and over
the exposure period for noncarcinogens. GDIs and SDIs are estimated using chemical exposure point
concenlralions logelher wilh olher parameters lhal describe Ihe frequency, duration, and magnilude
of exposure.

""According to.EPA (1989a) guidance, chronic exposures are defined as exposures of 7 yr or more in duration, and
subchronic exposures are defined as exposures between 2 wk and 7 yr.
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27-Mar-91 ARROWHEAD - PATHS

TABLE 7-7

EXPOSURE PATHWAYS SELECTED FOR EVALUATION AT THE ARROWHEAD PLATING SITE

Exposure
Medium

Current Land Use
Air

Future Land Use

Air

Soil

Ground Water

Surface Water

Sediment

Potentially
Exposed Population

Workers

Residents

Residents

Residents

Residents

Residents

Residents

Residents (children)

Residents (children)

Exposure Route

Inhalation of chemicals that volatilize
from soil into ambient air.

Inhalation of chemicals that volatilize
from soil into ambient air.
Incidental ingestion of chemicals in soil.

Dermal contact with chemicals in soil.

Ingestion of chemicals in ground water.

Dermal contact with chemicals in ground
water during in-house use.

Inhalation of chemicals in ground water
during in-house use.

Dermal contact with chemicals in surface
water while wading.

Dermal contact with chemicals in sediment
while wading.

Type of
Evaluationi

i

Quantitative
i

Quantitative

Quantitative

Quantitative

Quantitative
Qualitative

Qualitative

Quantitative

Quantitative

!

• n. A *. Arrowhead RI
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Based on recenl EPA guidance on risk assessmenl (EPA 1989a), GDIs or SDIs are quantified
by estimating the reasonable maximum exposure (RME) associated with Ihe palhway of concern. The
RME is intended to represent a possible upper-bound exposure to a typical individual and is
combined wilh upper-bound toxicity criteria to estimate risks. The RME for a given pathway is
derived by combining the upper 95% confidence limit of the arithmetic mean exposure poinl
concenlralion (or the maximum detected value, if lower) for each chemical with reasonable maximum
values describing the extenl, frequency, and duration of exposure (EPA 1989b). A slalislical
procedure developed by Land (1971, 1975) was used lo calculate Ihe upper 95% confidence interval
of Ihe arilhmetic mean for chemicals detected in media at the Arrowhead Plating sile.

The methodologies used to estimate GDIs or SDIs are presented below by medium.
Exposure poinl concenlralions are firsl presented and then are combined with Ihe other exposure
parameters to estimate intake for each exposure pathway.

73.2.1 Worker Inhalation Exposures to Chemicals That Have Volatilized From Surface Soil

Potential worker exposures via inhalation of chemicals that have volatilized from surface soil
are estimaled in this section. RME air concenlralions for Ihe currenl worker inhalation exposure
palhway were calculated using RME surface soil concenlrations. The surface soil concentralions for
each area are presented in Table 7-8.

These RME surface soil concentrations were then used to calculate RME concenlralions of
volatile and semi-volatile organic chemicals in indoor air for Ihe worker exposure scenario by
assuming lhal organic chemicals from Ihe five contaminated soil areas sampled al Ihe sile volatilize
from Ihe conlaminaled soil and enter Ihe manufacturing building ihrough Ihe ventilation system,
windows, and doors. A complete description of Ihe model used in Ihis assessmenl is presented in
Appendix H. Estimated chemical concentralions in indoor air for Ihe worker scenario are presented
in Table 7-9.

Inhalation exposures lo chemicals in ambienl air are estimaled for workers inside Ihe existing
manufacluring building. Exposure parameters for the worker population are presented in Table 7-10
and discussed below. Absorption of the inhaled chemical is assumed to be equal to lhat which
occurred in the toxicity studies on which the RfD or cancer potency factor for that chemical is based.

Workers are assumed to breathe at a rate of 2.1 m/hr, which is Ihe inhalation rale reported
by EPA (1989b) for males and females engaged in moderate physical activity. Workers are assumed
lo be exposed to airborne chemicals in the building 8 hours per day, 5 days per week, 50 weeks per
year. This corresponds to a typical 40 hour work week with two weeks of vacation and holidays. This
results in a total of 250 days of exposure per year. It is assumed thai the workers weigh 70 kg and
are exposed for 30 years.

Using Ihese assumptions, GDI estimates are calculated using Ihe following equation:

(Ca)(IR)(ED)(EF)(YE)
GDI =

(BW)(DY)(YL)

_ Arrowhead RI
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16-Apr-91 ARROWHEAD SURFSOIL

TABLE 7-8

SURFACE SOIL EXPOSURE POINT CONCENTRATIONS FOR ARROWHEAD PLATING SITE
(Concentrations reported as mg/kg)

Exposure Point Concentration (a) '

Chemical

Organics:

Acetone
Bis(2-ethylhexyl)phthalate
Carbon tetrachloride
1,2-Dichloroethene (total)
Di-n-butylphthalate
Methyl ethyl ketone
Methylene chloride
Phenanthrene
Tetrachloroethene
1 , 1,1-Trich loroethane
Trichloroethene

Inorganics:

Aluminum
Barium
Cadmium.
Calcium
Chromium
Copper
Cyanide
Lead
Mercury
Nickel
Potassium
Si Iver
Sodium
Zinc

Acid Tank
Area

0.098
0.2
--
--
--

0.016
--
--
--
--
--

14,600
67.5

--
1,900

19
36.8
0.7
10.4
0.2
9.5
524
--

94.5
51.3

Drain Lines
Area

-.
--
--
--
--
--
--
--
--
--
--

10,700
34.6

--
300
12.5
5.1
--
8.2
0.1
5.6
400
--

43.6
14.9

Drum
Stained Area Storage Areas

0.027 CL
1.200 0.24 CL

0.004 CL
0.580

0.340 CL
0.011 CL
0.0034 CL

..
0.150 0.062 CL

0.014 CL
0.013 GL

8,100 CL
50 CL-.

19,300
11 CL
181
8.79

..
- 5.7 CL
820 CL
0.3 CL
339
61 CL

' Solvent
Tank Area

!

3.200
--

'
'
'

--
•

0.140
3.300
0.020

--

8,500
137

1
4.200

13 CL
7,800

--
18.6
6.4
14.6
310 CL
0.5
138
862

(a) Each concentration listed is the lower value of the upper 95th percent confidence limit (CL) on the
arithmetic mean concentration and the maximum detected concentration. Values are maximum detected values,
except where noted by "CL".

i
-- = Not selected as a chemical of potential concern in this area.

v: Arrowhead RI
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27-Mar-91 ARROWHEAD AMBNTAIR

TABLE 7-9

ESTIMATED INDOOR AIR EXPOSURE POINT
CONCENTRATIONS FOR WORKERS

AT THE ARROWHEAD PLATING SITE

(Concentrations in ug/m3)

Exposure Point
Chemical Concentration (a)

Acetone 6.32E-01
Bis(2-ethylhexyl)phthalate 4.71E-01
Carbon tetrachloride 1.02E-03
Di-n-butylphthalate 8.69E-02
trans-1,2-Dichloroethene 1.76E-01
Methyl ethyl ketone 6.47E-03
Methylene chloride 8.69E-04
Phenanthrene 2.64E-02
Tetrachloroethene 6.83E-01
1,1,1-Trichloroethane 7.35E-03
Trichloroethene 3.32E-03

(a) Estimated based on surface soil concentrations
using a soil volatilization model. See
Appendix A for methodology.

Arrowhead RI
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27-Mar-91 ARROWHEAD MANUFAC

TABLE 7-10

EXPOSURE PARAMETERS USED TO ESTIMATE
INHALATION EXPOSURES FOR WORKERS INSIDE

THE MANUFACTURING BUILDING
AT THE ARROWHEAD PLATING SITE

Parameter Value

Inhalation Rate 2.1 m3/hour (a)
Exposure Duration 8 hours/day (b)

Exposure Frequency 250 days/year (c)

Years of Exposure 30 years (b)

Average Body Weight Over 70 kg (b)
Exposure Period

(a) Based on EPA (1989b).
(b) Based on EPA (1989a).
(c) Assumes workers work 5 days/week, 50 weeks/year.
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where

GDI = chronic daily inlake (mg/kg-day);

Ca = exposure point concentration in air (mg/m3) presented previously in Table 7-9;

IR = inhalation rate (m3/hr);

ED = exposure duration (hrs/day);

EF = exposure frequency (days/yr);

YE = years of exposure;

BW = average body weight over period of exposure (kg);

DY = days in a year; and

YL = period over which risk is being estimated, i.e., a lifetime (70 yr) for potential
carcinogens and the period of exposure for noncarcinogens (30 yr).

Based on ihe assumptions and procedures outlined above, the estimated inhalation GDIs for
workers in Ihe on-sile building were calculated and are presented in Table 7-11.

73.2.2 Ingestion of Ground Water by Future Residents

The exposure poinl concenlrations for the groundwater ingestion pathway are presented in
Table 7-12.

To evaluate residential drinking water exposure, il was assumed lhal residents between Ihe
ages of 1 lo 30 years old ingesl ground waler from the site.5 Individuals within Ihis age range were
used lo evaluate exposures instead of evaluating exposures in adults only because assuming the lower
average body weight of this age group (48 kg based on EPA 1989b) results in higher estimates of
exposure lhan would be calculated using Ihe average adull body weight (70 kg). Fulure residents are
assumed lo drink 1.9 L of water each day (the weighted average water ingestion rate for 1- lo 30-
year-olds based on EPA 1989b) for 30 years (EPA 1989a). In addition, residenls are assumed lo live
for 70 years (EPA 1989a).

Residential drinking waler exposures are calculated using these assumptions and Ihe following
equation:

(CW)(IR)(EF)(ED)(Z)
(DY)(BW)(YL)

530 yr is the average lenth of time an indivudal occupies a residence (EPA 1989a).

Arrowhead RI
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TABLE 7-11

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR ONSITE WORKERS EXPOSED VIA INHALATION

OF CHEMICALS THAT HAVE VOLATILIZED FROM SOILS
AT THE ARROWHEAD PLATING SITE (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (CD!)

Chemical (ug/m3) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Carbon tetrachloride 1.02E-03 7.19E-08
Methylene chloride 8.69E-04 6.12E-08
Tetrachloroethene 6.83E-01 4.81E-05
Trichloroethene 3.32E-03 2.34E-07

Chemicals Exhibiting
Noncarcinogenic Effects
Methyl ethyl ketone 6.47E-03 1.06E-06
Methylene chloride 8.69E-04 1.43E-07
1,1,1-Trichloroethane 7.35E-03 1.21E-06

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone, bis(2-ethylhexyl)
phthalate, di-n-butylphthalate, trans-1,2-dichloroethene, and
phenanthrene.
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TABLE 7-12

GROUND WATER EXPOSURE POINT CONCENTRATIONS
FOR THE ARROWHEAD PLATING SITE

(Concentrations in ug/L)

Exposure Point
Chemical Concentration (a)

Organics:

Acetone 782.5
Chloroform 7.5 CL
1,1-Dichloroethane 34 CL
1,1-Dichloroethene 6,225
1,2-Dichloroethene (total) 4,400
Methylene chloride 180
Tetrachloroethene 16,400
1,1,1-Trichloroethane 90,500
Trichloroethene 4,450

Inorganics:

Aluminum 54,900
Barium 130 CL
Cadmium 3.7 CL
Calcium 39,000 CL
Chromium 72 CL
Copper 2,900 CL
Cyanide 21 CL
Iron 100,000 CL
Lead 36 CL
Mercury 0.1 CL
Nickel 77 CL
Potassium , 9,100 CL
Silver 0.6 CL
Sodium 250,500 CL
Zinc 510 CL

(a) Each concentration listed is the lower of the
upper 95th percent confidence limit (CL) on the
arithmetic mean and the maximum detected value.
Maximum detected values are lower except where
noted "CL".

Arrowhead RI7-25



where i. I

GDI = chronic daily intake (mg/kg-day); I

Cw = exposure point concentration in ground water (ug/L), presented previously in
Table 7-12; j

IR = ingestion rate (L/day);

EF = exposure frequency (days/yr); i

ED = exposure duration (years); !

Z = conversion factor (mg/1,000 jig);

DY = days in a year; i

BW = body weight over the period of exposure (kg); and

YL = period over which risk is being estimated i.e., a lifetime (70 yr) for potential carcino-
gens and the period of exposure (30 yr) for noncarcinogens.

Exposure assumptions are summarized in Table 7-13, and CDls calculated using these
exposure assumptions are presented in Table 7-14.

73.23 Residential Inhalation Exposure to Chemicals That Have Volatilized From Surface Soil

In evaluating the potential inhalation risks to future residents, two models were used to obtain
estimates of indoor air concentrations. These models are presented in greater detail in Appendix H.
One model assumed that a single-story residence with a concrete slab base is constructed directly over
each of the contaminated areas without significantly disturbing the surface soil. In this case the
predominant migration pathway into the indoor air was assumed to be passive diffusion through the
concrete floor.

The second model assumed that a residence is built on site in a location not directly over any
of the contaminated areas, and that chemicals are emitted into the air from each of the contaminated
areas and dispersed through the air to the location of the residence. The air concentration inside the
residence was conservatively assumed to be equal to that of the outdoor air.

The residential air concentrations calculated using the first model were higher than those
calculated using the second model; therefore, the air concentrations in future residences at each
contaminated area will be used to conservatively evaluate the potential risks to future residents from
inhalation. The air concentrations for each contaminated area are presented in Table 7-15.

Residents are conservatively assumed to spend 24 hr/day at their home, 365 days/yr. They are
assumed to breathe at a rate of 18 m3/day, which is the weighted average for 1- to 30-year-olds
calculated based on data presented by NCRP (1984) and EPA (I985b). It is further assumed that
inhaled chemicals are retained in the lung and absorbed into the bloodstream to the same extent as
in the toxicity studies on which the RfD or cancer potency factor is based. An average body weight

ad RI
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TABLE 7-13

EXPOSURE PARAMETERS USED TO ESTIMATE EXPOSURES
FOR FUTURE RESIDENTS INGESTING GROUND WATER

AT THE ARROWHEAD PLATING SITE

Parameter Value

Ingestion Rate 1.9 I/day (a)
Exposure Frequency 365 days/year (b)

Years of Exposure 30 years (b)

Average Body Weight Over 48 kg (c)
Exposure Period

(a) Weighted average based on EPA (1989b). Assumes
that children age 1-3 years (up to 10 kg) ingest
1 I/day, and individuals over 10 kg ingest 2 I/day.

(b) Based on EPA (1989a).
(c) Based on EPA (1989b). Average for individuals

1-30 years of age.

~""~ *—••headRI
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TABLE 7-14

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR FUTURE [NGESTION OF GROUND WATER AT THE ARROWHEAD PLAUNG SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)

Chemical (ug/l) (mt|/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Chloroform 7.5 1.27E-04
1,1-Dichloroethene 6,225.0 1.06E-01
Methylene chloride 180.0 3.05E-03
Tetrachloroethene 16,400.0 2.78E-01
Trichloroethene 4,450.0 7.55E-02

Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 782.5 3.10E-02
Barium 130.0 5.15E-03
Cadmium 3.7 1.46E-04
Chloroform 7.5 2.97E-04
Chromium (total) 72.0 2.85E-03
Copper 2,900.0 1.15E-01
Cyanide 21.0 8.31E-04
1,1-Dichloroethane 34.0 1.35E-03
1,1-Dichloroethene 6,225.0 2.46E-01
1,2-Dichloroethene 4,400.0 1.74E-01
Mercury 0.1 3.96E-06
Methylene chloride 180.0 7.12E-03
Nickel 77.0 3.05E-03
Silver 0.6 2.37E-05
Tetrachloroethene 16,400.0 6.49E-01
1,1,1-Trichloroethane ' 90,500.0 3.58E+00
Trichloroethene 4,450.0 1.76E-01
Zinc 510.0 2.02E-02

(a) GDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack cf toxicity
criteria are: aluminum, calcium, iron, lead, potassium, and sodium.
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TABLE 7-15

ESTIMATED INDOOR AIR CONCENTRATIONS FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

(Concentrations in ug/m3)

Chemical

Acetone
Bis(2-ethylhexyl)phthalate
Carbon tetrachloride
trans- 1 ,2-D i ch loroethene
Di-n-butylphthalate
Methyl ethyl ketone
Methylene chloride
Phenanthrene
Tetrachloroethene
1 ,1,1-Trichloroethane
Trichloroethene

Solvent Tan
Area

1.26E-02
--
--
--
--
--
--

5.06E-07
3.29E-01
5.29E-03

~ ~

Exposure Point

k Stained
Area

5.12E-09
--

1.03E-01
--
--
--
--

1.50E-02
--
— —

Concentration

Acid Tank
Area

3.85E-04
8.54E-10

--
--
--

6.28E-05
--
--
--
--
— -

(a)
Drum Storage

Areas

1.06E-04
1.02E-09
3.63E-04

--
3.28E-07
4.32E-05
5.23E-04

--
6.18E-03
3.71E-03
1.42E-03

(a) Estimated based on surface soil concentrations using a volatilization model. See
Appendix A for methodology.

-- = Not a chemical of concern in this area.
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TABLE 7-16

EXPOSURE PARAMETERS USED TO ESTIMATE INHALATION
EXPOSURES FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

Parameter Value

Inhalation Rate 18 m3/day (a)

Exposure Frequency 365 days/year (b)

Years of Exposure 30 years (b)

Average Body Weight Over 48 kg (c)
Exposure Period

(a) Weighted average for individuals 1-30 years of age
based on NRCP (1984) and EPA (1985b) data.

(b) Based on EPA (1989a).
(c) Based on EPA (1989b).
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of 48 kg was calculated based on a weighted average of 1- to 30-year-olds as presented in EPA
(1989b). Assuming lhat the 30-year exposure period occurs from 1 to 30 years (as opposed to 30 to
60 years or some other range) is conservative because ihe lower average body weighl of 1- to 30-year-
olds results in higher estimates of exposure than would be calculated using an average body weight
(70 kg). The assumptions are summarized in Table 7-16.

* Using these assumptions, GDI estimates are calculated using the following equation:

GDI =
(BW)(DY)(YL)

where

GDI = chronic daily intake (mg/kg-day);

Ca = exposure point concentration in air (ng/m3), presented previously in Table 7-15;

CF = conversion factor (10'3 mg/ug)

IR = inhalation rate (m3/day);

EF = exposure frequency (days/year);

YE = years of exposure;

BW = average body weight over period of exposure (kg);

DY = days in a year; and

YL = period over which risk is being estimaled, i.e., a lifetime (70 yr) for potential
carcinogens and ihe period of exposure for noncarcinogens (30 yr).

Based on Ihe assumptions and procedures oullined above, Ihe estimated inhalation GDIs for
fulure residenls were calculated and are presented in Table 7-17 ihrough 7-20 for ihe four
conlaminaled soil areas.

73.2.4 Dermal Contact with Chemicals in Surface Soil by Future Residents

Fulure residenls may be exposed lo chemicals in surface soil by dermal conlacl while playing
outdoors as children, and while doing yard work or gardening as adults. Below, surface soil exposure
poinl concenlralions (presented earlier in Table 7-8) are used to estimate residential exposures to
chemicals via dermal contacl.

To determine the amounl of lime spenl ouldoors, climalological dala were examined (NOAA
1978). The average number of days with temperatures below 32°F is approximately 86 days/yr. On
such days it is considerably less likely thai individuals will engage in ouldoor activities involving dermal
conlact with soil since more clothing is worn during colder periods. For the remaining 279 days/yr
(40 weeks), it is assumed thai individuals over 12 years of age engage in ouldoor activities at their

23d RI
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TABLE 7-17

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES FOR
FUTURE RESIDENTS EXPOSED VIA INHALATION AT THE DRUM STORAGE AREAS (a)

Estimated
Exposure Point Chronic Daily
Concentration Intaike (CDI)

Chemical (ug/m3) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Carbon tetrachloride 3.63E-04 5.83E-08
Methylene chloride 5.23E-04 I3.41E-08
Tetrachloroethene 6.18E-03 9.93E-07
Trichloroethene 1.42E-03 2.28E-07

Chemicals Exhibiting
Noncarcinogenic Effects

Methyl ethyl ketone 4.32E-05 1.62E-08
Methylene chloride 5.23E-04 1.96E-07
1,1,1-Trichloroethane 3.71E-03 1.39E-06

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone,
bis(2-ethylhexyl)phthalate, and di-n-butylphthatate.
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TABLE 7-18

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR FUTURE RESIDENTS EXPOSED VIA INHALATION AT THE ACID TANK AREA (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (GDI)

Chemical (ug/m3) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

None

Chemicals Exhibiting
Noncarcinogenic Effects

Methyl ethyl ketone 6.28E-05 2.4E-08

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone and
bis(2-ethylhexyl)phthalate.

Arrowhead RI



30-Mar-91 -- ARROWHEAD-FTCETNK

TABLE 7-19

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR FUTURE RESIDENTS EXPOSED VIA INHALATION

AT THE SOLVENT TANK AREA (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (CD!)

Chemical (ug/m3) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene 3.29E-01 5.29E-05

Chemicals Exhibiting
Noncarcinogenic Effects

1,1,1-Trichloroethane 5.29E-03 1.98E-06

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone and phenanthrene.

• rn-n", « , - Arrowhead RI
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TABLE 7-20

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR FUTURE RESIDENTS EXPOSED VIA INHALATION AT THE STAINED AREA (a)

Estimated
Exposure Point Chronic Daily
Concentration Intake (CDI)

Chemical (ug/m3) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene 1.50E-02 2.41E-06

Chemicals Exhibiting
Noncarcinogenic Effects

None

(a) CDIs are presented only for chemicals with inhalation toxicity
criteria. Chemicals of concern which are not presented due to
lack of toxicity criteria are: acetone and
trans-1,2-dichloroethene.

7.35 May 1, 1991



home 3 days per week, and thai children up lo 12 years of age play ouldoors 5 days per week. A
weighted average exposure frequency of 152 days/yr is calculated from Ihis information. The duration
of exposure is 30 years, from 1 to 30 years of age (EPA 1989a). An average weighl of 48 kg (for
individuals 1 to 30 years of age) was assumed (EPA 1989b). i

A soil contact rate of 2,320 mg/day was calculated based on the average surface area of 1,600
cm2 for the hands and forearms of 1- to 30-year-olds (EPA 1989b) and a soil to skin adherence factor
of 1.45 mg soil/cm2 (EPA 1989a) per day in which exposure occurs. Absorption of chemicals Ihrough
the skin and into the bloodstream varies depending on chemical properties such as solubility and
lipophilicity. It is assumed that 10% of VOCs in contacted soil are absorbed through Ihe skin. This
value is based on analogy lo olher chemicals and chemical-physical properties. It is assumed that 3%
of bis(2-ethylhexyl) phthalale in conlacted soil is absorbed through the skin based on analogy to
polychlorinated dibenzo-/?-dioxins and -furans (PCDDs/PCDFs) (Poiger and Schlatter 1980) (based
on sludies by Skog and Wahlberg 1964, Wahlberg 1968, and Lang and Kunze 1948). Cyanide, in
solution as hydrogen cyanide, is known to be absorbed through the skin. Since no absorption factor
is available for cyanide, il is conservatively assumed lhat all of ihe cyanide in conlacted soil is
absorbed. The exposure assumptions are summarized in Table 7-21.

A chronic daily inlake is calculated by the following equation:

_ (Cg)(CF)(SC)(ABS)(EF)(ED)
(BW)(DY)(YL)

• !

where

GDI = chronic daily inlake (mg/kg-day);

Cs = chemical concenlralion in surface soil (mg/kg), presented previously in Table 6-8;
/ ,

CF = conversion factor (10"° kg/mg);

SC = soil contact rate (mg/day);

ABS = absorption factor (percent, unitless);

EF = exposure frequency (days/year);

ED = exposure duration (years);

BW = body weight (kg);

DY = days in a year

YL = period over which risk is being estimated (a lifetime [70 years] for potential
carcinogens and the period of exposure for noncarcinogeris [30 years]).
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TABLE 7-21

EXPOSURE PARAMETERS USED TO ESTIMATE DERMAL CONTACT
EXPOSURES FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

Parameter Value

Soil Contact Rate 2,320 mg/day (a)

Absorption Factor
VOCs 0.1 (b)
Bis(2-ethylhexyl)phthalate 0.03 (c)
metals 0 (d)
cyanide 1.0 (e)

Exposure Frequency 152 days/year (f)
Years of Exposure 30 years (a)

Average Body Weight Over 48 kg (g)
Exposure Period

(a) Based on hands and forearms surface area of 1,600
cm2/day from EPA (1989b), and a soil to skin
adherence factor of 1.45 mg/cm2 (EPA 1989a).

(b) Assumed value based on analogy to other chemicals
and chemical-physical properties.

(c) Based on analogy to PCDDs/PCDFs (Poiger and Schlatter
1980).

(d) Based on Skog and Wahlberg 1964, Wahlberg 1968, and
Lang and Kunze 1948.

(e) Cyanide, in solution as hydrogen cyanide, is known
to be absorbed through the skin. Since no absorption
is available for cyanide, the absorption fraction is
conservatively assumed to be 100%.

(f) Based on NOAA (1978) data collected at Richmond, VA.
Assumes that residents spend time outdoors from March
through October (279 days, or 40 weeks), and that
children up to 12 years of age play outdoors 5 days/
week, and individuals over 12 years of age are outdoors
3 days/week.

(g) Based on EPA (1989b). Average for individuals 1-30
years of age.

ladRI
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TABLE 7-22

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH SOIL IN DRUM STORAGE AREAS BY
FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estiiroated Chronic
Concentration Daily Intake (GDI)

Chemical (mg/kg) (mg/lcg-day) (b)

Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 0.24 6.21E-08
Carbon tetrachloride 0.004 3.45E-09
Methylene chloride 0.0034 2.93E-09
Tetrachloroethene 0.062 5.35E-08
Trichloroethene 0.013 1.12E-08

Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 0.0270 5.43E-08
Bis(2-ethylhexyl)phthalate 0.24 1.45E-07
Carbon tetrachloride 0.004 8.05E-09
Cyanide 8.7 1.75E-04
Di-n-butylphthalate 0.340 6.84E-07
Methyl ethyl ketone 0.011 2.21E-08
Methylene chloride 0.0034 6.84E-09
Tetrachloroethene 0.062 1.25E-07
1,1,1-Trichloroethane 0.014 2.8.2E-08
Trichloroethene 0.013 2.62E-08

(a) CDIs are presented only for chemicals with toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity
criteria are: aluminum, calcium, lead, potassium, and sodium.

(b) No CDIs are presented for inorganic chemicals (except cyanide) because
dermal absorption of these chemicals is assumed to be zero.

ii o O ft |ArroHjhead RI
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TABLE 7-23

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH ACID TANK AREA SOIL BY

FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)

Chemical (mg/kg) (mg/kg-day) (b)

Chemicals Exhibiting
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate 0.2 5.18E-08

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone 0.098 1.97E-07
Bis(2-ethylhexyl)phthalate 0.2 1.21E-07
Cyanide 0.7 1.41E-05.
Mercury 0.2 O.OOE+00
Methyl ethyl ketone 0.016 3.22E-08

(a) CDIs are presented only for chemicals with toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity
criteria are: aluminum, calcium, potassium, and sodium.

(b) No CDIs are presented for inorganic chemicals (except cyanide) because
dermal absorption of these chemicals is assumed to be zero.

7-39
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TABLE 7-24 |
i

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES ' .
FOR DERMAL CONTACT WITH SOLVENT TANK AREA SOIL BY
FUTURE RESIDENTS AT THE ARROWHEAD PLATING SlITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)

Chemical (mg/kg) (mg/kg-day) (b)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene 3.3 2.85E-06

Chemicals Exhibiting ' '
Noncarcinogenic Effects ]

Acetone 3.2 6.44E-06
Phenanthrene 0.14 2.82E-07
Tetrachloroethene 3.3 6.64E-06
1,1,1-Trichloroethane 0.02 4.03E-08

(a) CDIs are presented only for chemicals with toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity

Arrowhead RI
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TABLE 7-25

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR DERMAL CONTACT WITH STAINED AREA SOIL

BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Chemical

Chemicals Exhibiting
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate
Tetrachloroethene

Chemicals Exhibiting
Noncarcinogenic Effects

Bis(2-ethylhexyl)phthalate
1 ,2-Dichloroethene
Tetrachloroethene

Exposure Point
Concentration

(mg/kg)

1.2
0.15

1.2
0.58
0.15

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

3.11E-07
1.29E-07

7.25E-07
1.17E-06
3.02E-07
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Estimated chronic daily inlakes are presented in Table 7-22 Ihrough 7-25 for four
conlaminaled soil areas: drum storage area, acid lank area, solvenl lank area, and slained area.

: j
Chronic daily inlakes associated wilh dermal conlacl of soil from Ihe drain lines area are nol

presented because only inorganic chemicals were detected, and il is assumed that inorganic chemicals
are not absorbed through Ihe skin (absorption factor = 0) (Skog and Wahlberg 1964; Wahlberg
1968a,b; Lang and Kunze 1948). „ . !- i
73.2.5 Incidental Ingestion of Chemicals in Surface Soil by Future Residents

- i
Future residents also may be exposed lo chemicals in surface soil by incidenlal ingestion. The

surface soil exposure point concenlrations for incidental ingestion by liiture residenls are Ihose
presented in Table 7-8. Exposure frequency (152 days), exposure duration (30 years), and body
weight (48 kg) are the same as for the dermal contacl pathway above. Individuals are assumed to
ingest 120 mg of soil per day. This value is the weighted average of the soil ingestion rate for
children ages 1 to 6 years (200 mg/kg) and the soil ingestion rate for individuals 7 to 30 years of age
(100 mg/kg) reported by EPA (1989a). All of Ihe ingested soil is assumed lo be conlaminaled.
Relative oral bioavailability factors were also applied to take into account the reduced bioavailability
of Ihe chemicals of concern from a soil matrix. Factors for the inorganic chemicals (except cyanide)
were based on a sludy by Fraser and Lum (1983). Factors for mercury and silver are based on
analogy to those for inorganics most likely to behave similarly (i.e., mercury = cadmium and silver
= copper). A factor of 0.2 for cyanide was derived by Clement International Corporation (1990).
A relative oral bioavailability factor of 0.5 was estimated for bis(2-elhylltiexyl) phthalate based on
analogy to 2,3,7,8-TCDD, a chemical which has been extensively studied by Poiger and Schlatter
(1980), McConnell et al. (1989), Lucier el al. (1986), Wendling el al. (1989), and van den Berg el al.
(1986, 1987). Since no relative oral bioavailability factors were available for Ihe other organic
chemicals of potential concern, il was conservatively assumed thai all of Ihese olher organic chemicals
in ingested soil are 100% bioavailable. These exposure assumptions are summarized in Table 7-26.
Using Ihese assumptions, GDI estimates for incidenlal ingestion of chemicals in surface soil were
calculated using the equation below:

j

_ (Cg)(IR)(CF)(BA)(EF)(ED) !
(BW)(DY)(YL)

where :

GDI = chronic daily intake (mg/kg-day); ;

Cs = chemical concentration in surface soil (mg/kg), presented previously in Table 7-8;

BA = relative oral bioavailability factor (fraction; unilless); ;
!

IR = ingestion rale (mg soil/day);

CF = conversion factor (1 kg/10 mg)

EF = exposure frequency (days/year); . . :

rhead RI
7-42 rf"' ~ May 1, 1991



27-Mar-91 ARROWHEAD RESSOIL

TABLE 7-26

EXPOSURE PARAMETERS USED TO ESTIMATE SOIL INGESTION
EXPOSURES FOR FUTURE RESIDENTS
AT THE ARROWHEAD PLATING SITE

Parameter Value

Ingestion Rate 120 mg/day (a)

Fraction of Ingested Soil Which 1 (a)
is from Contaminated Areas

Relative Oral Bioavailability (b)
Inorganic Chemicals:
Barium 0.29
Cadmium 0.11
Chromium 0.003
Copper 0.11
Cyanide 0.2 (c)
Mercury 0.11 (d)
Nickel 0.048
Silver 0.11 (e)
Zinc 0.1

Organic Chemicals:
Bis(2-ethylhexyl)phthalate 0.5 (f)
All others 1.0 (g)

Frequency 152 days/year (h)

Years of Exposure 30 years (a)

Average Body Weight Over 48 kg (i)
Exposure Period

(a) Based on EPA (1989a).
(b) From Fraser and Lum (1983) except where noted.
(c) From Clement International Corporation (1990).
(d) Based on cadmium.
(e) Based on copper.
(f) Estimated based on 2,3,7,8-TCDD (Poiger and Schlatter 1980,

McConnel et al. 1984, Lucier et al. 1986, Wendling
et al. 1989, and van den Berg et al. 1986, 1987).

(g) Assumed value.
(h) Based on NOAA (1978) data collected at Richmond, VA.

Assumes that residents spend time outdoors from March
through October (279 days, or 40 weeks), and that
children up to 12 years of age play outdoors 5 days/week,
and individuals over 12 years of age are outdoors
3 days/week.

(i) Based on EPA (1989b). Average for individuals
1-30 years of age.

Arrowhead RI
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ED = exposure duration (years);

BW = average body weight over period of exposure (kg);

DY = days in a year; and

YL = period over which risk is being estimated, i.e., a lifetime (70 yr) for potential carcino-
gens and the period of exposure for noncarcinogens (30 yr).

Chronic daily inlakes for Ihe soil ingestion palhway are presented in Tables 7-27 Ihrough 7-31
for the five conlaminated soil areas. \

73.2.6 Dermal Contact with Chemicals in Surface Water by Wading Children

The surface water exposure point concentralions were estimated using all surface water
samples, assuming lhal ihere would be an equal probability of children playing al any location which
was sampled. The concenlralions used to assess future surface water exposures are presented in
Table 7-32. i

Children between the ages of 6 and 12 years are assumed lo weight 31 kg (based on EPA
1989b) and to play in Scales Branch and the millpond for a tolal of 6 years. Il is unlikely lhal
children will wade in slreams during Ihe winter monlhs. Therefore, an annual exposure duration was
calculated based on Ihe number of days lhat the average daily temperature is over 65°F. Based on
data from NOAA (1978), Ihe average daily lemperalure exceeds 65°F for Ihe 6 monlh period from
April Ihrough September, or approximately 180 days (25.7 weeks). During Ihese months it was
assumed that children between the ages of 6 and 12 years of age wade in Scales Branch 3 days/week.
Since children are likely lo play ouldoors after school as well as on weekends or during summer
months, no differentiation was made for the months thai children are attending school. This exposure
frequency results in a tolal of 77 days of exposure each year (3 days/week * 25.7 weeks/year).
Children are assumed lo be exposed for 2 hours on the days they wade in Scales Branch and Ihe
millpond. In estimating exposure via dermal conlacl wilh chemicals in surface water, the area of
exposed skin is assumed lo be 3,600 cm2, which is Ihe average area of Ihe feel and legs of 6 lo 12
year-old children (calculated from data in EPA 1989b). Chemical-specific permeability conslanls
could nol be identified for Ihe chemicals of potential concern in Scales Branch surface water.
Therefore, organic chemicals and cyanide are assumed lo penelrale the skin at the rate of water
penelralion as recommended by EPA (1989a). EPA (1989a) reporls a permeability conslanl of
SxlO"4 cm/hr for waler based on dala reported by Blank el al. (1984). Dermal absorption of metals
is assumed to be negligible given the relatively low permeability of the skin to metal ions. Therefore,
dermal exposure lo inorganic chemicals was nol evaluated in this assessment. Children are assumed
lo weigh 31 kg, which is Ihe average body weighl for 6 lo 12 year-old children (calculated from dala
in EPA 1989b). These exposure assumptions are summarized in Table 7-32.

Using these assumptions, SDI estimates for dermal absorption of chemicals in surface waler
were calculated using Ihe equation below:
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27-Mar-91 -- Arrowhead-DRUM

TABLE 7-27

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF SOIL IN DRUM STORAGE AREAS
BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (GDI)

Chemical (mg/kg) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate 0.24 5.35E-08
Carbon tetrachloride 0.004 1.78E-09
Methylene chloride 0.0034 1.52E-09
Tetrachloroethene 0.062 2.77E-08
Trichloroethene 0.013 5.80E-09

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone 0.0270 2.81E-08
Barium 50.0 1.51E-05
Bis(2-ethylhexyl)phthalate 0.24 1.25E-07
Carbon tetrachloride 0.004 4.16E-09
Chromium 11 3.44E-08
Copper 181.0 2.07E-05
Cyanide 8.7 1.81E-06
Di-n-butylphthalate 0.340 3.54E-07
Methyl ethyl ketone 0.011 1.15E-08
Methylene chloride 0.0034 3.54E-09
Nickel 5.7 2.85E-07
Silver 0.3 3.44E-08
Tetrachloroethene 0.062 6.45E-08
1,1,1-Trichloroethane 0.014 1.46E-08
Trichloroethene 0.013 1.35E-08
Zinc 61.0 6.35E-06

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity
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27-Mar-91 -- Arrowhead-ACIDTNK ;

TABLE 7-28

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES FOR INCIDENTAL
INGESTION OF ACID TANK AREA SOIL BY FUTURE RESIDENTS

AT THE ARROWHEAD PLATING SITE (a)

i
Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)

Chemical (mg/kg) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate 0.2 4.46E-08

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone 0.098 1.02E-07
Barium 67.5 2.04E-05
Bis(2-ethylhexyl)phthalate 0.2 1.04E-07
Chromium 19 5.93E-08
Copper 36.8 4.21E-06
Cyanide 0.7 1.46E-07
Mercury 0.2 2.29E-08
Methyl ethyl ketone 0.016 1.67E-08
Nickel 9.5 4.75E-07
Zinc 51.3 5.34E-06

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of toxicity
criteria are: aluminum, calcium, lead, potassium, and sodium.

aead RI
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27-Mar-91 -- Arrowhead-TCETNK

TABLE 7-29

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF SOLVENT TANK AREA SOIL

BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (GDI)

Chemical (mg/kg) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene 3.3 1.47E-06

Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 3.2 3.33E-06
Barium 137.0 4.14E-05
Cadmium 1.0 1.15E-07
Chromium 13 4.06E-08
Copper 7800 8.93E-04
Mercury 6.4 7.33E-07
Nickel 14.6 7.30E-07
Phenanthrene 0.14 1.46E-07
Silver 0.5 5.73E-08
Tetrachloroethene 3.3 3.44E-06
1,1,1-Trichloroethane 0.02 2.08E-08
Zinc 862 8.97E-05

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of
toxicity criteria are: aluminum, calcium, lead, potassium,
and sodium.
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27-Mar-91 -- Arrowhead-DRAINLNE

TABLE 7-30

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF DRAIN LINES AREA SOIL

BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Chronic
Concentration Daily Intake (GDI)

Chemical (mg/kg) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects

None

Chemicals Exhibiting
Noncarcinogenic Effects

Barium 34.6 1.04E-05
Chromium 12.5 3.90E-08
Copper 5.1 5.84E-07
Mercury 0.1 1.15E-08
Nickel 5.6 2.80E-07
Zinc 14.9 1.55E-06

(a) CDIs are presented only for chemicals with oral toxicity criteria.
Chemicals of concern which are not presented due to lack of
toxicity criteria are: aluminum, calcium, lead, potassium.

Arrowhead RI



27-Mar-91 -- Arrowhead-STAINED

TABLE 7-31

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES
FOR INCIDENTAL INGESTION OF STAINED AREA SOIL

BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Exposure Point Estimated Chronic
Concentration Daily Intake (CDI)

Chemical (mg/kg) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 1.2 2.68E-07
Tetrachloroethene 0.15 6.69E-08

Chemicals Exhibiting
Noncarcinogenic Effects

Bis(2-ethylhexyl)phthalate 1.2 6.25E-07
1,2-Dichloroethene 0.58 6.04E-07
Tetrachloroethene 0.15 1.56E-07
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27-Mar-91 ARROWHEAD SURFH20

TABLE 7-32

SURFACE WATER EXPOSURE POINT CONCENTRATIONS
FOR THE ARROWHEAD PLATING SITE

(Concentrations in ug/L)

Exposure Point
Chemical Concentration (a)

Organics:

Bis(2-ethylhexyl)phthalate 9.5 CL
1,2-Dichloroethene (total) 25
Tetrachloroethene 37.8
Trichloroethene 34

Inorganics:

Aluminum 2,395
Calcium 19,625
Copper 10.8
Cyanide 12 CL
Iron 5,100 CL
Potassium 7,700 CL
Sodium 106,800

(a) Each concentration listed is the lower olF the
upper 95th percent confidence limit (CL) on the
arithmetic mean and the maximum detected value.
Maximum detected values are lower expect where
noted "CL".
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01-Apr-91 ARROWHEAD CHLDWADE

TABLE 7-33

EXPOSURE PARAMETERS USED TO ESTIMATE DERMAL CONTACT
EXPOSURES FOR CHILDREN WADING IN SURFACE WATER

AT THE ARROWHEAD PLATING SITE

Parameter Value

Surface Area Exposed 3,600 cm2 (a)

Dermal Permeability
Organic Chemicals 0.0008 cm/hr (b)
Inorganic Chemicals 0 cm/hr (c)

Exposure Duration 2 hours/day

Exposure Frequency 77 days/year (d)

Years of Exposure 6 years (e)

Average Body Weight Over 31 kg (f)
Exposure Period

(a) Based on EPA (1989b). Surface area of feet and legs
for 6-12 year old children.

(b) Based on EPA (1989a). Assumes that all organic
chemicals penetrate skin at same rate as water.

(c) Dermal permeability of inorganic chemicals is assumed
to be negligible.

(d) Assumes that children 6-12 years wade in water
3 days/week during months when average daily tempera-
ture is over 65oF (6 months: April - September).

(e) Assumes children wade in stream from age 6 to age 12.
(f) Based on EPA (1989a). Average body weight for

children 6-12 years old.
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SDI = (CW)̂Q(SA)(ET)(EF)(ED)(Z)(Y)
(BW)(DY)(YL)

where

SDI = subchronic daily inlake (mg/kg-day);

Cw = chemical concenlration in water (ug/L), presented previously in Table 6-32;

PC = dermal permeability conslant (cm/hr);
/x

SA = skin surface area exposed (cm );

ET = exposure time (hr/day);

EF = exposure frequency (days/year); :

ED = exposure duration (years);

Y = conversion factor (1 mg/1,000 ug);

Z = conversion factor (1 L/1,000 cm3);

BW = average body weight over period of exposure (kg);
i

DY = days in a year; and
i

YL = period over which risk is being estimated, i.e, a lifetime: (70 years) for potential
carcinogens and the period of exposure for noncarcinogens (6 years).

These inlake estimates are presented in Table 7-34.
!

73.2.7 Dermal Contact with Chemicals in Sediment by Wading Children

Sedimenl exposure poinl concenlrations were calculated using the same methodology as
described for surface water. These concenlralions are presented in Table 7-35.

The exposure frequency, duration, and average body weighl discussed above for dermal conlacl
with surface water were used to estimate exposure to chemicals in sediment as well. However, it is
unlikely thai Ihe enlire surface area of feel and legs will conlacl sediment Therefore, ihe surface
area for feel only was calculated to be 714 cm (EPA 1989b). Using a skin adherence factor of 1.45
mg/cm2 per day in which exposure occurs (the same as was used for contact with surface soil), a
sedimenl contacl rale of 1,035 mg/day was calculated. Dermal permeability of chemicals in sediments
was assumed to equal thai of Ihe same chemicals in soils. Exposure parameters used in Ihis palhway
are summarized in Table 7-36. A subchronic daily inlake is calculated by Ihe following equation:
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TABLE 7-34

EXPOSURE POINT CONCENTRATIONS AND CHRONIC DAILY INTAKES DUE
TO DERMAL CONTACT WITH SURFACE WATER BY WADING

CHILDREN AT THE ARROWHEAD SITE

Exposure Point Chronic Daily
Concentration Intake (GDI)

Chemical (ug/l) (mg/kg-day)

Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 9.5 3.19E-08
Tetrachloroethene 37.8 1.27E-07
Trichloroethene 34.0 1.14E-07

Chemicals Exhibiting
Noncarcinogenic Effects

Bis(2-ethylhexyl)phthalate 9.5 3.72E-07
Cyanide 12.0 4.70E-07
1,2-DichIoroethene (total) 25.0 9.80E-07
Tetrachloroethene 37.8 1.48E-06
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27-Mar-91 ARROWHEAD SEDIMENT

TABLE 7-35

SEDIMENT EXPOSURE POINT CONCENTRATIONS
FOR THE ARROWHEAD PLATING SITE

(Concentrations in mg/kg)

Exposure Point
Chemical Concentration (a)

Organics:

Acetone 0.068
Benzoic acid 0.73
Bis(2-ethylhexyl)phthalate 0.35 CL
1,2-Dichloroethene (total) 0.0042 CL
Methyl ethyl ketone 0.011 CL
Tetrachloroethene 0.008 CL
Trichloroethene 0.0044 CL

Inorganics:

Calcium 675
Nickel 9.2
Sodium 151

(a) Each concentration listed is the lower of the
upper 95th percent confidence limit (CL) on the
arithmetic mean and the maximum detected value.
Maximum detected values are lower except where
noted "CL».
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27-Mar-91 ARROWHEAD CHILDSED

TABLE 7-36

EXPOSURE PARAMETERS USED TO ESTIMATE DERMAL CONTACT
EXPOSURES FOR CHILDREN CONTACTING SEDIMENT

AT THE ARROWHEAD PLATING SITE

Parameter Value

Sediment Contact Rate 1,035 mg/cm2 (a)

Dermal Permeability
Organic chemicals 0.1 (b)
Metals 0
Bis(2-ethylhexyl)phthalate 0.03

Exposure Frequency 77 days/year (c)

Years of Exposure 6 years (d)

Average Body Weight Over 31 kg (e)
Exposure Period

(a) Based on feet surface area of 714 cm2 from EPA 1989b
and an assumed sediment to skin adherence factor of
1.45 mg/cm2 (the same as soil, from EPA 1989a).

(b) Dermal permeability of chemicals in sediment is
assumed to equal that of the same chemicals in soils.
See Table 6-21 for basis of values.

(c) Assumes that children 6-12 years wade in water
3 days/week during months when average daily tempera-
ture is over 65oF (6 months: April - September).

(d) Assumes children wade in stream from age 6 to age 12.
(e) Based on EPA (1989a). Average body weight for

children 6-12 years old.
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(C*d)(CF)(SC)(ABS)(EF)(ED) ;
(BW)(DY)(YL) , I

where : j

SDI = subchronic daily intake (mg/kg-day);

Csd = chemical concentration in sediment (mg/kg), presented previously in Table 6-35;

CF = conversion factor (W6 kg/mg); i

SC = sediment contacl rate (mg/day);
j

ABS = absorption factor (percent, unilless); i

EF = exposure frequency (days/year);

ED = exposure duration (years);

BW = body weighl (kg);

DY = days in a year; and

YL = period over which risk is being estimated (a lifetime [70 years] for potential
carcinogens and Ihe period of exposure for noncarcinogens [6 years]).

The SDIs calculated for Ihis palhway are presented in Table 7-37.

7.4 TOXICITY ASSESSMENT

The general melhodology for Ihe classification of heallh effecls and Ihe developmenl of heallh
effecls criteria is described in Section 7.4.1 lo provide Ihe analytical framework for the characteriza-
tion of human health impacts. In Section 7.4.2, the health effecls criteria lhal will be used lo derive
estimates of risk are presented and Ihe toxicity of Ihe chemicals of potential concern is briefly
discussed. ;

i

7.4.1 Health Effects Classification and Criteria Development

For risk assessment purposes, individual chemicals are separated into two categories of
chemical toxicity depending on whether they exhibit noncarcinogenic or carcinogenic effecls. This
distinction relates lo the currenlly held scientific opinion lhal Ihe mechanism of action for each
category is different. For the purpose of assessing risks associated wilh potential carcinogens, EPA
has adopted the scientific position lhat a small number of molecular events can cause changes in a
single cell or a small number of cells thai can lead to lumor formation. This is described as a no-
Ihreshold mechanism, because Ihere is essentially no level of exposure (i.e., a Ihreshold) to a
carcinogen which will not result in some finite possibility of causing the disease. In the case of
chemicals exhibiting noncarcinogenic effects however, it is believed that organisms have protective
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27-Mar-91 --ARROWHEAD-SEDIMENT

Parameters and strings found at V95

TABLE 7-37

EXPOSURE POINT CONCENTRATIONS AND SUBCHRONIC DAILY INTAKES DUE
TO DERMAL CONTACT WITH SEDIMENT BY WADING
CHILDREN AT THE ARROWHEAD PLATING SITE (a)

Exposure Point Estimated Subchronic
Concentration Daily Intake (SDI)

Chemical (mg/kg) (mg/kg-day) (b)

Chemicals Exhibiting
Carcinogenic Effects
Bis(2-ethylhexyl)phthalate 0.35 6.34E-09
Tetrachloroethene 0.008 4.83E-10
Trichloroethene 0.0044 2.66E-10

Chemicals Exhibiting
Noncarcinogenic Effects
Acetone 0.068 4.79E-08
Benzoic acid 0.73 5.14E-07
Bis(2-ethylhexyl)phthalate 0.35 7.40E-08
1,2-Dichloroethene 0.0042 2.96E-09
Methyl ethyl ketone 0.011 7.75E-09
Tetrachloroethene 0.008 5.64E-09

(a) CDIs are presented only for chemicals with toxicity criteria. Chemicals
of concern which are not presented due to lack of toxicity criteria are:
calcium and sodium.

Arrowhead RI
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mechanisms lhat musl be overcome before Ihe loxic endpoinl is manifested. For example, if a large
number of cells perform Ihe same or similar functions, it would be necessary for significant damage
or depletion of these cells to occur before an effect could be seen. This Ihreshold view holds that
a range of exposures from just above zero to some finite value can be tolerated by Ihe organism
without appreciable risk of causing the disease. ,

7.4.1.1 Health Effects Criteria for Potential Carcinogens

Slope factors are developed by EPA's Health Assessment Group (HAG) for potentially
carcinogenic chemicals and are expressed in units of (mg/kg-day) . Slope factors are derived from
the results of human epidemiological studies or chronic animal bioassays. The animal studies usually
must be conducted using relatively high doses to detect possible adverse effects. Because humans are
expected to be exposed to doses lower than those used in the animal studies, the dala are adjusted
by using malhematical models. The dala from animal sludies are typically filled to the linearized
multistage model to obtain a dose-response curve. The 95th percentile upper confidence limil slope
of ihe dose-response curve is subjected lo various adjustments and an interspecies scaling factor is
applied to derive the slope factor for humans. Thus, the actual risks associated with exposure to a
potential carcinogen quantitatively evaluated based on animal data are not likely to exceed the risks
estimated using these slope factors, but they may be much lower. Dose-response data derived from
human epidemiological studies are fitted to dose-time-response curves on a. case-by-case basis. These
models provide rough, but plausible, estimates of the upper limits on lifetime risk. Slope factors
based on human epidemiological data are also derived using very conservative assumptions and, as
such, Ihey loo are unlikely lo underestimate risks. Therefore, while Ihe actual risks associated with
exposures to potential carcinogens are unlikely to be higher than Ihe risks calculated using a slope
factor, Ihey could be considerably lower.

EPA assigns weighl-of-evidence classifications lo potential carcinogens. Under this system,
chemicals are classified as either Group A, Group Bl, Group B2, Group C, Group D, or Group E.
Group A chemicals (human carcinogens) are agents for which there is sufficient evidence lo support
the causal association between exposure to Ihe agents in humans and cancer. Groups Bl and B2
chemicals (probable human carcinogens) are agents for which there is limited (Bl) or inadequate (B2)
evidence of carcinogenicity from human studies but for which Ihere is sufficient evidence of
carcinogenicity from animal studies. Group C chemicals (possible human carcinogens) are agents for
which there is limited evidence of carcinogenicity in animals, and Group D chemicals (not classified
as to human carcinogenicity) are agenls wilh inadequate human and animal evidence of carcinogenici-
ty or for which no dala are available. Group E chemicals (evidence of non-carcinogenicity in
humans) are agenls for which Ihere is no evidence of carcinogenicity in adequate human or animal
sludies. ;

i
7.4.1.2 Health Effects Criteria for Noncarcinogens

Heallh criteria for chemicals exhibiting noncarcinogenic effecls are generally developed using
reference doses (RfDs) developed by the EPA RfD Work Group or RfDs obtained from EPA
Health Effecls Assessment (HEAs). RfDs are usually derived eilher from human sludies involving
work-place exposures or from animal sludies and are adjusted using uncertainty factors. The RfD
is an estimate of Ihe daily exposure to the human population (including sensitive subpopulations) lhal
is likely lo be wilhoul an appreciable risk of deleterious effecls during a lifetime. The RfD provides
a benchmark to which chemical intakes may be compared. EPA has developed chronic and
subchronic RfDs, both expressed in units of mg/kg-day. Chronic RfDs are specifically developed to
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be protective for long-term exposure lo a compound; subchronic RfDs are protective for shorter-term
exposures. EPA (1989a) recommends that chronic RfDs be used to evaluate exposures of 7 years
to a lifetime in duration and subchronic RfDs be used to evaluate exposures of 2 weeks to 7 years
in duration. Chronic RfDs will be used in this assessment to evaluate potential noncarcinogenic
effects associated with groundwater ingestion, incidental soil ingestion, and inhalation exposures.
Subchronic RfDs will be used lo evaluate potential noncarcinogenic effects associated with direct
contact exposures to chemicals in the surface water and sedimenl.

7.4.2 Health Effects Criteria for the Chemicals of Potential Concern

Tables 7-38 and 7-39 presenl chronic health effects criteria for oral and inhalation exposures,
respectively. Table 7-40 presents subchronic oral RfDs for some of the chemicals of potential
concern in surface water and sediment for which subchronic exposures are being evaluated.
Subchronic RfDs have not been developed for every chemical of concern in these media. In the
absence of a subchronic RfD, potential noncarcinogenic health effects will be evaluated using Ihe
chronic oral RfD.

No oral loxicily criteria are available for aluminum, calcium, iron, lead, polassium, and sodium.
However, calcium, iron, polassium, and sodium are essenlial human nulrienls and are toxic only at
very high doses. Because of their low toxicity, il is unlikely lhal conlacl wilh Ihese chemicals al the
site would result in adverse health effecls. There are no toxicity criteria available for lead. Potential
risks associated with lead exposures will be evaluated separately in Ihe risk characterization section.
No inhalation toxicity criteria are available for 1,2-dichloroethene, acetone, bis(2-elhylhexyl)
phlhalale, di-«-butyl phthalate, and phenanthrene. Therefore, potential risks associated wilh exposure
lo these chemicals via inhalation will nol be quanlilalively evaluated. A qualilalive discussion of
potential risks associated wilh Ihese chemicals will be included in Ihe risk characterization section.
Toxicity summaries for these chemicals are included in the following sections.

The lexicological properties of Ihe chemicals of potential concern and the lexicological basis
of Ihe health effects criteria presented in Tables 7-38 Ihrough 7-40 are discussed in Appendix I.

7.5 RISK CHARACTERIZATION

In Ihis section, Ihe human heallh risks potentially associated wilh the Arrowhead Plating sile
are evaluated. Risks will be evaluated either quantitatively or qualitatively. To quantitatively assess
risks, the CDIs and SDIs calculated in Section 7.3.2.2 are combined wilh Ihe heallh effects criteria
presented in Section 7.4.2.

For potential carcinogens, excess lifetime cancer risks are oblained by multiplying Ihe GDI for
each chemical by ils cancer slope factor. A risk level of 10"6 represenls a probability of one in
1,000,000 lhal an individual could conlracl cancer due to exposure to the potential carcinogen. The
upper-bound lifetime excess cancer risks derived in this report can be compared to EPA's risk range
for heallh prolecliveness al Superfund sites. EPA recommends lhal Ihe lolal cancer risk lo
individuals resulting from exposure at a Superfund site be reduced to zero where possible. EPA has
implemented actions under Superfund associated wilh lolal cancer risks ranging from 10"4 lo 10"6.

Potential risks for noncarcinogens are presented as Ihe ratio of the GDI to the reference dose
(CDIrRfD) for each chemical. The sum of the ratios of all chemicals under consideration is called

rowhead RI
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27-Mar-91 ARROWHEAD ORLCRTOX

TABLE 7-38

CHRONIC ORAL TOXICITY VALUES FOR CHEMICALS OF POTENTIAL CONCERN

Chemical

Organics
Acetone
Benzoic acid
Bis(2-ethylhexyl)phthalate
Carbon tetrachloride
Chloroform
1,1-Dichloroethane
1 , 1 -Dich I oroethene
1, 2 -Dich I oroethene (total)
Di-n-butylphthalate
Methylene chloride
Methyl ethyl ketone
Phenanthrene (e)
Tetrach loroethene
1 , 1 , 1 -Trich loroethane
Trichloroethene

Inorganics
Aluminum
Barium
Cadmium (food)

(water)
Calcium
Chromium (h)

K "topper
'yanide
;on
ead

Mercury (inorganic)
Nickel
Potassium
Silver
Sodium
Zinc

Chronic Reference
Dose (mg/kg-day)

[Uncertainty
Factor] (a)

1E-01 [1000]
4E+00 [1]
2E-02 [10003
7E-04 [1000]
1E-02 [1000]
1E-01 [1000]
9E-03 [1000]
2E-02 [1000]
1E-01 [1000]
6E-02 [1003
5E-02 [10003 (f)
4E-03 [10000]
1E-02 [1000]
9E-02 [1000]

7.35E-03 [1000]

..
7E-02 [3]
1E-03 [10]
5E-04 [10]

--
5E-03 [500]

3.7E-02 (i)
2E-02 [5003

--
--

3E-04 [10003
2E-02 [300]

--
3E-03 [2]

--
2E-01 [10]

Target Organ (b)

Liver, kidney
Irritation
L i ver
Liver
Liver
Kidney
Liver
Blood serum
Mortality
L i ver
Fetus
Eye
Liver
Liver
Liver

..
Blood pressure
Kidney
Kidney--
Nervous system
GI
Thyroid
--
--
Kidney
Body weight
--
Argyria (skin)--
Anemia

Reference
Dose
Source

IRIS
IRIS
IRIS
IRIS
IRIS
HEAST
IRIS
IRIS
IRIS
IRIS
IRIS
IRIS
IRIS
IRIS
HA

..
IRIS
IRIS
IRIS
--
IRIS
HEAST
IRIS
--
--
HEAST
IRIS
--
IRIS
--
HEAST

Cancer
Slope Factor (
(mg/kg-day) -1

..
--

I.4E-02
I.3E-01
6.1E-03
(d)

6E-01
--
--

7.5E-03
--
--

5. IE-02 (g)
--

1.1E-02

..
--
--
--
--
--
--
--
--
--
--
--
--
--
--

USEPA Weight
of Evidence
:iassif icatior

(c)
]

1 D
D
B2
B2
B2
C
C
D
D
B2
D

: D
B2
D
B2

'

D
D

: B1
B1: D
D
D
D
D
B2
D
D
D
D
D
D

Slope
i Factor

Source

IRIS
IRIS
IRIS
IRIS
HEAST
IRIS
--
IRIS
IRIS
IRIS
IRIS
HEAST
IRIS
HEAST

..

..
IRIS
IRIS--
--
IRIS
IRIS
--
IRIS
IRIS
--
--
IRIS
--

(a) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor representing a
specific area of uncertainty in the data available. The standard uncertainty factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(b) A target organ is the organ most sensitive to a chemical's toxic effect. RfD's are based on toxic effects in the target

organ. If an RfD was based on a study in which a target organ was not identified, an organ or system known to be affected by
the chemical is listed.

(c) EPA Weight of Evidence for Carcinogenic Effects: [A] = Human carcinogen based on adequate evidence from human
studies; [B2] = Probable human carcinogen based on inadequate evidence from human studies and adequate evidence from
animal studies; [C] = Possible human carcinogen based on limited evidence from animal studies in the absence of human
studies; [D] = Not classified as to human carcinogenicity; and CE] = Evidence of noncarcinogenicity.

(d) Withdrawn by EPA.
(e) Toxicity criteria for naphthalene are used in the absence of criteria for phenanthrene.
(f) Based on route to route extrapolation. Being reconsidered by the RfD workgroup.
(g) Under review by CRAVE workgroup.
(h) Toxicity criteria reported is for chromium VI, as all chromium is conservatively assumed to be in the form of

chromium VI.
(i) Drinking water standard reported in mg/l is converted to mg/kg-day by assuming a 70 kg adult consumes 2 liters

of water per day.
NOTE: IRIS = Inteegrated Risk Information System - October 1, 1990

HEAST = Health Effects Assessment Summary Tables - July 1, 1990
HA = Drinking Water Health Advisory
EPA = Environmental Protection Agency

= No information available
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27-Mar-91 ARROWHEAD INHCRTOX

TABLE 7-39

CHRONIC INHALATION TOXICITY VALUES FOR CHEMICALS OF POTENTIAL CONCERN

Chemical

Organics

Acetone

Chronic Reference
Dose (mg/kg-day)

[Uncertainty
Factor] (a)

--

Reference
Dose
Source

--

——————————————————————————————— ̂ m
USEPA Weight

Cancer of Evidence Slope
Target Slope Factor Classification Factor
Organ (b) (mg/kg-day)-1 (c) Source

-- --
Bis(2-ethylhexyl )phthalate
Carbon tetrachloride
1 ,2-Dichloroethene
Di-n-butylphthalate
Methylene chloride
Methyl ethyl ketone
Phenanthrene
Tet rach I oroethene
1,1,1-Trichloroethane
Trichloroethene

Inorganics
Aluminum
Barium
Calcium
Copper
Cyanide
Lead
Mercury (inorganic)
Silver
Sodium
Zinc

--
--
--

8.57E-01 [100] (d)
9E-02 [10003

--
--

3E-01 [10003
--

..
1E-04 [1000]

--
--
--
--

8.57E-05 [30] (d)
--
--
— —

--
--
--

HEAST
HEAST
--
--

HEAST
--

..
HEAST
--
--
--
--

HEAST
-

--

"

--
--
--
Liver
CNS
--
--
Liver
--

..
Fetus
--
--
--
--
Nervous system
--
--
— —

1.3E-01
--
--

1.6E-03 (e)
--
--

1.8E-03 (f)
--

1.7E-02 (g)

..
--
--
--
--
--
--
--
--
- —

D
B2
B2
D
D
B2
D
D
B2
D
B2

D
D
D
D
D
B2
D
D
D
D

-.
IRIS
IRIS
--
--

IRIS
IRIS
--

HEAST
--
HEAST

._
--
--
--
--

IRIS
--
--
--
- —

(a) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor represent!'
a specific area of uncertainty in the data available. The standard uncertainty factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic NOAELs; and
- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.

(b) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects in the target
organ. If an RfD was based on a study in which a target organ was not identified, an organ or system known to be
affected by the chemical is listed.

(c) EPA Weight of Evidence for Carcinogenic Effects: [A] = Human carcinogen based on adequate evidence from human
studies; [B2] = Probable human carcinogen based on inadequate evidence from human studies and adequate evidence from
animal studies; [C] = Possible human carcinogen based on limited evidence from animal studies in the absence of human
studies; [D] = Not classified as to human carcinogenicity; and [E] = Evidence of noncarcinogenicity.

(d) Value reported in mg/m3 converted to mg/kg-day by assuming that a 70 kg adult inhales air at a rate of 20 m3/day.
(e) Reported as 4.7E-7 (ug/m3)-1; assuming a 70 kg individual inhales 20 m3/day, this is equivalent to 1.6E-3 (mg/kg/day)-1
(f) Reported as 5.2E-7 (ug/m3)-1; assuming a 70 kg individual inhales 20 m3/day, this is equivalent to 1.8E-3 (mg/kg/day)-1
(g) Based on a metabolized dose.

NOTE: IRIS = Integrated Risk Information System - October 1, 1990
HEAST = Health Effects Assessment Summary Tables - July 1, 1990
EPA = Environmental Protection Agency

= No information available

IdRI
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27-Mar-91 ARROWHEAD SUBORLTOX

TABLE 7-40

SUBCHRONIC ORAL TOXICITY VALUES FOR CHEMICALS OF CONCERN (a)

Chronic Reference
Dose (mg/kg/day) Reference

[Uncertainty Dose
Chemical Factor] (b) Target Organ (c) Source

Organics

Acetone 1E+00 [100] Kidney HEAST
Benzoic acid 4E+00 [1] Irritation HEAST
Bis(2-ethylhexyl)phthalate 2E-02 [1000] Liver HEAST
1,2-DichIoroethene (total) 2E-01 [100] (d) Blood serum HEAST
Methyl ethyl ketone 5E-01 [100] Fetus HEAST
Tetrachloroethene 1E-01 [1003 Liver HEAST
Trichloroethene -- -- --

Inorganics

Aluminum
Barium 5E-02 [100] Blood pressure HEAST
Cadmium
Calcium
Chromium VI 2E-02 [100] Not defined HEAST
Copper 3.7E-02 [13 GI HEAST
Cyanide 2E-02 [500] Thyroid HEAST
Iron
Lead
Nickel 2E-02 [300] Body weight HEAST
Potassium
Silver 3E-03 [2] Argyria (skin) HEAST
Sodium --
Zinc . 2E-01 [10] Blood (anemia) HEAST

(a) For pathways involving exposures of less than seven years subchronic RfD values
are used.

(b) Uncertainty factors used to develop reference doses generally consist of
multiples of 10, with each factor representing a specific area of uncertainty in
the data available. The standard uncertainty factors include the following:
A 10-fold factor to account for the variation in sensivitiy among the members
of the human population; a 10-fold factor to account for the uncertainty in
extrapolation animal data to the case of humans; a 10-fold factor to account
for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and a 10-fold factor to account for the uncertainty in extrapolating
from LOAELs to NOAELs.

(c) A target organ is the organ most sensitive to a chemical's toxic effect. RfD's
are based on toxic effects in the target organ. If an RfD was based on a
study in which a target organ was not identified, an organ or system known
to be affected by the chemical is listed.

(d) RfD reported is for trans-1,2-dichloroethene.

NOTE: HEAST = Health Effects Assessment Summary Tables - July 1, 1990
-- = No information available
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the hazard index. The hazard index is useful as a reference point for gauging the potential effects
of environmenlal exposures lo complex mixtures. In general, hazard indices which are less than one
are not likely to be associated wilh any health risks, and are Iherefore less, likely lo be of regulatory
concern than hazard indices greater lhan one. A conclusion should nol be categorically drawn,
however, lhal all hazard indices less lhan one are "acceptable" or that hazard indices greater than one
are "unacceplable." This is a consequence of the perhaps one order of magnitude or greater
uncertainty inherent in estimates of the RfD and intake, in addition to the fact that the uncertainties
associated wilh Ihe individual terms in the hazard index calculation are additive.

!i

In Ihe absence of specific information on the toxicity of Ihe mixture of chemicals to be
assessed or on similar mixtures, EPA guidelines recommend assuming that the effecls of different
components on the mixlures are additive when affecting a particular organ or syslem. Synergistic or
antagonistic interactions may be taken into accounl if Ihere is specific Information on particular
combinations of chemicals. Information on Ihe toxic effecls of ihe specific chemical mixlures al Ihe
Arrowhead Plating site are nol available. Accordingly, il is assumed in Ihis assessmenl lhal the toxic
effects of the chemical of potential concern are additive. Thus, lifetime excess cancer risks and Ihe
CDI:RfD ratios for individual chemicals are summed lo indicate the potential risks associated with
mixtures of potential carcinogens and noncarcinogens, respectively. In Ihis assessmenl, CDI:RfD
ratios are summed across all chemicals exhibiting noncarcinogenic effecls. If Ihe hazard index
resulting from Ihis summation exceeds one, ihe conlribulion of chemicals affecting ihe same target
organ is analyzed.

When risk from the dermal absorption of chemicals is quantified, Ihe oral cancer slope factor
-or reference dose may require modification if it was based upon an administered dose ralher lhan an
absorbed dose. The modification required in this case is the absorption efficiency of the chemical
under the conditions of Ihe sludy from which Ihe cancer slope factor was derived. For example, if
Ihe slope factor was derived from an animal study where the chemical was administered by gavage,
then a factor which represents the exlenl of absorption of Ihe chemical from Ihe gul under such
conditions should be applied. In olher cases, Ihe chemical may have been administered during a
dielary sludy. The absorption efficiency used in this situation should reflect the conditions of a
dielary study. It should be noted thai this type of absorption is different from the relative oral
absorption which takes into account differences in absorption of a chemical adsorbed on soil versus
the vehicle used in the animal study.

Because mosl human health effecls criteria are based upon administered doses, the extent of
absorption under the study conditions is not generally known. In this, case, application of an
absorption factor would require careful consideration of information from the literalure. Because
sufficienl information regarding this absorption factor was nol readily available for Ihe chemicals of
concern, an absorption efficiency of 100% (a factor of 1.0) was applied to the oral human heallh
effecls criteria when estimating risk through the route of dermal absorption. This assumption may
resull in an underestimation of risks for chemicals that are not absorbed extensively in the gut.
However, this assumption probably is appropriate for mosl of the volatile organic chemicals al Ihe
sile, given lhal these chemicals are likely to be extensively absorbed in the gul.

7.5.1 Potential Risks Associated with the Arrowhead Plating Site

Risks associated with current and potential future exposures to site-related chemicals in surface
soil, ambient air, ground water, surface water, and sediment, are discussed below.
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7.5.1.1 Inhalation of Volatile Chemicals in Ambient Air by Workers

Table 7-41 presents the estimated carcinogenic risks and noncarcinogenic hazards associated
wilh inhalation of volatile chemicals in ambienl air by workers, Ihe only complete exposure pathway
under the currenl land-use conditions. The upper-bound excess lifetime cancer risk is IxlO"7, and
the hazard index for noncarcinogens is less than 1.

7.5.1.2 Ingestion of Ground Water by Future Residents

Table 7-42 presents the estimated carcinogenic risks and noncarcinogenic hazards associated
wilh ingestion of chemicals in ground waler by fulure residenls. Table 7-42 does nol include results
of the additional 1991 dala. Appendix K summarizes impacls of Ihe new dala on Ihe risk assessment.
The upper-bound excess lifetime cancer risk is 8xlO"2. 1,1-Dichloroelhene, lelrachloroelhene, and
Irichloroethene all contribute significantly lo the cancer risks for groundwater ingestion. 1,1-
Dichloroethene is a Class C carcinogen. As discussed previously, Class C carcinogens are possible
human carcinogens, for which limited evidence of carcinogenicity is available. This classification lends
uncertainty to predictions of excess lifetime cancer risks associated wilh Ihis chemical. Telrachloro-
elhene and irichloroelhene have been classified as Class B2, probable human carcinogens.

The hazard index is greater lhan one due primarily lo ihe same ihree chemicals lhat
contributed significantly to cancer risk: 1,1-dichloroethene, irichloroelhene, and lelrachloroelhene.
The target organ for all of these chemicals is the liver. The hazard indices for all other largel organ
groups do not exceed 1.

Although no toxicity criteria are available for lead, EPA's Office of Emergency and Remedial
Response and Office of Waste Programs Enforcemenl have recommended a final cleanup level for
lead in ground waler of 15 \ig/L based on blood lead levels in children (EPA 1990c). Thes estimaled
exposure poinl concenlralion for lead of 36 [ig/L exceeds Ihis cleanup level, indicating lhal lead in
drinking water could conlribule to Ihe overall risk lo future residents.

As discussed previously, fulure residenls could be exposed via olher palhways lo Ihe chemicals
in ground waler during home use of ground water. For example, most of Ihe organic chemicals in
ground water are volatile and residents could be exposed via inhalation lo chemicals lhat have
volatilized during activities such as showering, cooking and washing clothes. Dermal absorption could
resull during balhing or washing. Exposure via Ihese palhways would add lo overall exposure and
risk. The scientific lileralure on this subjecl indicates lhal Ihe risk associated wilh Ihese sources may
be similar in magnilude lo that associated with ingestion. For all practical purposes, the risks
calculated for ingestion may be doubled to estimate the importance of Ihis effect.

7.5.13 Inhalation of Volatile Chemicals in Ambient Air by Future Residents

Tables 7-43 through 7-46 present the estimated risks to future residents associated with
exposure to VOCs via inhalation of ambient air. The upper-bound excess lifetime cancer risks range
from 4xlO"9 to IxlO"7 and Ihe hazard indices are all below 1.

7.5.1.4 Dermal Contact and Incidental Ingestion of Surface Soil by Future Residents

: Tables 7-47 Ihrough 7-50 presenl Ihe estimated risks lo fulure residenls associated with
dermal conlacl of surface soil from Ihe drum storage, acid tank, chlorinated solvent tank, drain lines,
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TABLE 7:41 ;~ -'" • |

POTENTIAL RISKS ASSOCIATED WITH CURRENT INHALATION EXPOSURE AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight o'f Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk

Carbon tetrachloride 7.19E-08 1.3E-01 B2 9E-09
Methylene chloride 6.12E-08 1.6E-03 B2 1E-10
Tetrachloroethene 4.81E-05 1.8E-03 B2 9E-08
Trichloroethene 2.34E-07 1.7E-02 B2 4E-09

TOTAL 1E-07

Reference Dose '
Estimated Chronic (RfD)

Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio

Methyl ethyl ketone 1.06E-06 9E-02 [1000] CNS 1E-05
Methylene chloride 1.43E-07 9E-02 [1000] CNS 2E-06 '
1,1,1-Trichloroethane 1.21E-06 3E-01 [1000] Liver 4E-06 |

HAZARD INDEX <1 (2E-05) '

(a) Chemicals of concern which are not presented due to lack of inhalation toxicity criteria are: acetone,
bis(2-ethylhexyl)phthalate, di-n-butylphthalate, trans-1,2-dichloroethene, and phenanthrene.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the floowing: •
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to th«> case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

Arrowhead RI
7-65



27-Mar-91 -- Arrowhead-GRH20

TABLE 7-42

POTENTIAL RISKS ASSOCIATED WITH INGESTION OF GROUND WATER BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Chemicals Exhibiting
Carcinogenic Effects

Chloroform
1,1-Dichloroethene
Methylene chloride
Tetrachloroethene
Trichloroethene
TOTAL

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone
Barium
Cadmium
Chloroform
Chromium (total)
Copper
Cyanide
1 , 1 -D i ch loroethane
1 , 1 -D i ch I oroethene
1,2-Dichloroethene (total)
'lercury (inorganic)
Methylene chloride
Nickel
Silver
Tetrach loroethene
1,1,1-Trichloroethane
Trichloroethene
Zinc

HAZARD INDEX

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

1.27E-04
1.06E-01
3.05E-03
2.78E-01
7.55E-02

Estimated Chronic
Daily Intake (CDI)
(mg/kg-day)

3.10E-02
5.15E-03
1.46E-04
2.97E-04
2.85E-03
1.15E-01
8.31E-04
1 .35E-03
2.46E-01
1.74E-01
3.96E-06
7.12E-03
3.05E-03
2.37E-05
6.49E-01
3.58E+00
1.76E-01
2.02E-02

Slope
Factor

(mg/kg-day) -1

6. IE-03
6.0E-01
7.5E-03
5.1E-02
1.1E-02

Reference Dose
(RfD)

(mg/kg-day) (c)
[Uncertainty Factor]

1E-01 [1000]
7E-02 [3]
5E-04 [10] (e)
1E-02 [10003
5E-03 [500] (f)

3.7E-02 (g)
2E-02 [500]
1E-01 [1000]
9E-03 [1000]
2E-02 [1000]
3E-04 [10003
6E-02 [1003
2E-02 [300]
3E-03 [2]
1E-02 [1000]
9E-02 [1000]
7E-03 [10003
2E-01 [10]

Weight of
Evidence
Class (b)

B2
C
B2
B2
B2

Target
Organ (d)

Liver, kidney
Blood pressure
Kidney
Liver
Nervous system
GI
Thyroid
Kidney
Liver
Blood
Kidney
Liver
Body weight
Argyria (skin)
Liver
Liver
Liver
Anemia

Upper Bound
Excess Lifetime
Cancer Risk

8E-07
6E-02
2E-05
1E-02
8E-04

8E-02

CD I: RfD
Ratio

3E-01
7E-02
3E-01
3E-02
6E-01
3E+00
4E-02
1E-02
3E+01
9E+00
1E-02
1E-01
2E-01
8E-03
6E+01
4E-I-01
2E+01
IE-01

>1 (2E+02) 2E+02

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
iron, lead, potassium, and sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies; and [C] = Possible human carcinogen
based on limited evidence from animal studies in the absence of human studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Cadmium RfD for water.
(f) RfD reported is for chromium VI, as all chromium is conservatively assumed to be in the form of

chromium VI.
(g) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes

2 liters of water per day.

Arrowhead RI
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TABLE 7-43

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE DRUM STORAGE AREAS (a)

Chemicals Exhibiting
Carcinogenic Effects

Carbon tetrachloride
Methylene chloride
Tetrachloroethene
Trichloroethene
TOTAL

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

5.83E-08
8.41E-08
9.93E-07
2.28E-07

Slope
Factor

(mg/kg-day)-1

1.3E-01
1.6E-03
1.8E-03
1.7E-02

Weight of
Evidence
Class (b)

B2
B2
B2
B2

Upper Bound
Excess Lifetime
Cancer Risk

8E-09
1E-10
2E-09
4E-09 '

1E-08

Reference Dose
Estimated Chronic (RfD)

Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio

Methyl ethyl ketone 1.62E-08 9E-02 [1000] CNS 2E-07
Methylene chloride 1.96E-07 8.57E-01 [100] Liver 2E-07
1,1,1-Trichloroethane 1.39E-06 3E-01 [1000] Liver 5E-06
HAZARD INDEX <1 (5E-06)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone,
bis(2-ethylhexyl)phthalate, and di-n-butylphthalate.

b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogeni based on inadequate
evidence from human studies and adequate evidence from animal studies.

'(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the floowing:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.
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TABLE 7-44

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE ACID TANK AREA (a)

Chemicals Exhibiting
Carcinogenic Effects

None

Chemicals Exhibiting
Noncarcinogenic Effects

Methyl ethyl ketone
HAZARD INDEX

Estimated Chronic
Daily Intake (CDI)
(mg/kg-day)

Estimated Chronic
Daily Intake (CDI)
(mg/kg-day)

2.4E-08

Slope
Factor
(mg/kg-day) -1

Reference Dose
(RfD)

(mg/kg-day) (b)
[Uncertainty Factor]

9E-02 [10003

Weight of Upper Bound
Evidence Excess Lifetime
Class Cancer Risk

Target
Organ (c) CDI:RfD Ratio

CNS 3E-07

<1 (3E-07)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone and
bis(2-ethylhexyl)phthalate.

(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the floowing:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(c) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, the organ
listed is one known to be affected by the particular chemical of concern.
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TABLE 7-45

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE SOLVENT TANK AREA (a)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene

TOTAL

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

5.29E-05

Slope
Factor

(mg/kg-day)-1

1.8E-03

Weight of
Evidence
Class (b],

B2

Upper Bound
Excess Lifetime
Cancer Risk

1E-07

1E-07

Reference Dose '••
Estimated Chronic (RfD)

Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio

1,1,1-Trichloroethane 1.98E-06 3E-01 [1000] Liver 7E-06
HAZARD INDEX <1 (7E-06)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone and
phenanthrene.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to th« case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.
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TABLE 7-46

POTENTIAL RISKS ASSOCIATED WITH INHALATION EXPOSURE IN FUTURE
RESIDENTS AT THE STAINED AREA (a)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene

TOTAL

Chemicals Exhibiting
Noncarcinogenic Effects

None

Estimated Chronic
Daily Intake (CDI)
(mg/kg-day)

2.41E-06

Estimated Chronic
Daily Intake (CDI)
(mg/kg-day)

Slope
Factor

(mg/kg-day) -1

1.8E-03

Reference Dose
(RfD)

(mg/kg-day)
[Uncertainty Factor]

Weight of
Evidence
Class (b)

B2

Target
Organ

Upper Bound
Excess Lifetime
Cancer Risk

4E-09

4E-09

CDI:RfD Ratio

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: acetone and
trans-1,2-dichIoroethene.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.
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TABLE 7-47

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF SOIL IN DRUM STORAGE!
AREAS BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic Slope Weight of Upper Bound
Chemicals Exhibiting Daily Intake (CDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk
" ' " " ' " ' !

Bis(2-ethylhexyl)phthalate 6.21E-08 1.4E-02 B2 9E-10
Carbon tetrachloride 3.45E-09 1.3E-01 82 4E-10
Methylene chloride 2.93E-09 7.5E-03 B2 2E-11
Tetrachloroethene 5.35E-08 5.1E-02 B2 3E-09
Trichloroethene 1.12E-08 1.1E-02 B2 1E-10

TOTAL 4E-09

i
Reference Dose

Estimated Chronic (RfD)
Chemicals Exhibiting Daily Intake (CDI) (mg/kg-day) (c) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (d) CDI:RfD Ratio

Acetone 5.43E-08 1E-01 [1000] Liver, kidney 5E-07
Bis(2-ethylhexyl)phthalate 1.45E-07 2E-02 [1000] Liver 7E-06
Carbon tetrachloride 8.05E-09 7E-04 [1000] Liver 1E-05
Cyanide 1.75E-04 2E-02 [500] Thyroid 9E-03
Di-n-butylphthalate 6.84E-07 IE-01 [1000] Mortality 7E-06
Methyl ethyl ketone 2.21E-08 5E-02 [1000] Fetus 4E-07
Methylene chloride 6.84E-09 6E-02 [100] Liver 1E-07
Tetrachloroethene 1.25E-07 1E-02 [1000] Liver 1E-05
1,1,1-Trichloroethane 2.82E-08 9E-02 [1000] Liver 3E-07
Trichloroethene 2.62E-08 7.35E-03 [1000] Liver 4E-06

HAZARD INDEX <1 (9E-03)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
lead, potassium, and sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are b.ised on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.
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TABLE 7-48

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF ACID TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Estimated Chronic
Chemicals Exhibiting Daily Intake (CDI)
Carcinogenic Effects (mg/kg-day)

Bis(2-ethylhexyl)phthalate 5.18E-08

TOTAL

Estimated Chronic
Chemicals Exhibiting Daily Intake (CDI)
Noncarcinogenic Effects (mg/kg-day)

Acetone 1.97E-07
Bis(2-ethylhexyl)phthalate 1 .21E-07
Cyanide 1.41E-05
Mercury (inorganic) O.OOE+00
Methyl ethyl ketone 3.22E-08
HAZARD INDEX

Slope
Factor

(mg/kg-day) -1

1.4E-02

Reference Dose
(RfD)

(mg/kg-day) (c)
[Uncertainty Factor]

1E-01 [10003
2E-02 [1000] .
2E-02 [500]
3E-04 [10003
5E-02 [1000]

Weight of
Evidence
Class (b)

B2

Target
Organ (d)

Liver, kidney
Liver
Thyroid
Kidney
Fetus

Upper Bound
Excess Lifetime
Cancer Risk

7E-10

7E-10

CDI:RfD Ratio

2E-06
6E-06
7E-04
OE+00
6E-07

<1 (7E-04)

(a) Chemicals of concern which are not reported due to lack of toxicity criteria are: calcium.
(b) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate

evidence from human studies and adequate evidence from animal studies.
(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each

factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or a system known to be affected by the chemical is listed.

(e) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.
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TABLE 7-49

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF SOLVENT TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Chemicals Exhibiting
Carcinogenic Effects

Tet rach I oroethene

TOTAL

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone
Phenanthrene
Tet rach I oroethene
1 ,1 ,1-Trichloroethane

HAZARD INDEX

(a) Chemicals of concern

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

2.85E-06

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

6.44E-06
2.82E-07
6.64E-06
4.03E-08

Slope
Factor

(mg/kg-day) -1

5.1E-02

Reference Dose
(RfD)

(mg/kg-day) (c)
[Uncertainty Factor3

1E-01 [1.0003
4E-03 [10000] (g)
1E-02 [1000]
9E-02 [10003

Weight of
Evidence
Class (b)

B2

Target
Organ (d)

Liver, kidney
Eye
Liver
Liver

which are not presented due to lack of toxicity criteria are:

Upper Bound
Excess Lifetime
Cancer Risk

- 1E-07

1E-07

CDI:RfD Ratio

6E-05
7E-05
7E-04
4E-07

<1 (8E-04)

aluminum.

i

ij _

i
i

!

f -

calcium, and lead.
(b) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen basiK) on inadequate

evidence from human studies and adequate evidence from animal studies.
(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor

representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:
- A 10-fold faqtor to account for' the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAIiLs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) The RfD reported is based on food studies.
(f) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes

2 liters of water per day. :
(g) The RfD for naphthalene is used in the absence of toxicity criteria for phenanthrene.
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TABLE 7-50

POTENTIAL RISKS ASSOCIATED WITH DERMAL CONTACT OF STAINED
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Estimated Chronic
Chemicals Exhibiting Daily Intake (CDI)
Carcinogenic Effects (mg/kg-day)

Bis(2-ethylhexyl )phthalate 3. 1 1E-07
Tetrachloroethene 1.29E-07

TOTAL

Estimated Chronic
Chemicals Exhibiting Daily Intake (CDI)
Noncarcinogenic Effects (mg/kg-day)

Bis(2-ethylhexyl)phthalate 7.25E-07
1,2-Dichloroethene 1.17E-06
Tetrachloroethene 3.02E-07
HAZARD INDEX

Slope
Factor

(mg/kg-day) -1

1.4E-02
5.1E-02

Reference Dose
(RfD)

(mg/kg-day) (b)
[Uncertainty Factor3

2E-02 [10003
2E-02 [10003
1E-02 [10003

Weight of
Evidence
Class (a)

B2
B2

Target
Organ (c)

Liver
Blood
Liver

Upper Bound
Excess Lifetime
Cancer Risk

4E-09
7E-09

1E-08

CDI:RfD Ratio

4E-05
6E-05
3E-05

<1 (1E-04)

(a) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each
factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(c) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.
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and slained areas. The upper-bound excess lifetime cancer risks range from 7xlO"10 to IxlO"7 and
the hazard indices are all below one. \

Table 7-51 through 7-55 present the estimaled risks to future residents associated wilh
incidental ingestion of surface soil from each area. The upper-bound excess lifetime cancer risks
range from 6xlO"10 to SxlO"8. The hazard indices are all below 1.

i
If risks from dermal contact and incidental ingestion are summed for each area, Ihe total

upper-bound excess lifetime cancer risks range from IxlO"9 to 2xlO"7, and the hazard indices are all
below one.

Although no toxicity criteria are available for lead, EPA's Office of Emergency and Remedial
Response and Office of Waste Programs Enforcement have eslablished an interim soil cleanup level
for lead at Fund-lead and Enforcemenl-lead CERCLA sites (EPA 1989c). The cleanup level range,
500 lo 1,000 mg/kg, is considered protective for direct contacl exposures al residential exposures
based on guidance from Ihe Centers for Disease Control (CDC). The exposure point concentration
for lead in surface soil at the Arrowhead Plating site range from 8.2 to 18.6 mg/kg. Since this level
is well below the health-based cleanup level, adverse effects from direct conctacl with lead in surface
soil are nol expected.

7.5.1.5 Dermal Contact of Surface Water and Sediment by Wading Children

The risks'to wading children via dermal contacl of surface water are presented in Table 7-56.
The upper-bound excess lifetime cancer risk is 8xlO"9, and the hazard index is less than 1.

Table 7-57 presenls Ihe estimated risks associated with direct contact exposures with sediment
for children wading in surface water. The upper-bound excess lifetime cancer risk is IxlO"10 and the
hazard index is less than one. !

The lolal upper-bound excess lifetime cancer risk for dermal contacl of surface waler and
sediment is 8xlO"9, and the hazard index is less lhan one.

7.5.1.6 Sum of Potential Future Risks

Fulure residenls could be exposed lo chemicals via a combination of pathways, and Iherefore
Ihe future risk associated with exposure via all of the pathways is estimated by summing the risks
across the residential pathways. Table 7-58 summarizes Ihe excess lifetime cancer risks and hazard
indices for Ihe future exposure pathways evaluated.

Under Ihe fulure land use condition of residential development, the total excess lifetime cancer
risk for each source area is 8xlO"2, due entirely to the ground water ingestion palhway. (This risk
estimate does not include 1991 sampling data, in which additional chemicals were detected. See
Appendix K.) This risk exceeds the targel risk level of 10"6. The lolal hazard indices exceed one,
again due entirely lo groundwater ingestion. A hazard index of one is Ihe target level used by
regulatory agencies. If future ingestion of ground water is eliminated, Ihie risks are all wilhin Ihe
targel risk level, and Ihe hazard indices are all below one. Il is therefore apparent thai the only
pathway (and medium) which presenls a currenl or future risk to human heallh is ground water
ingestion. Chemicals in surface soil or sediment do nol contribute appreciably lo the overall risks
associated wilh the site.
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TABLE 7-51

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF SOIL IN DRUM STORAGE
AREAS BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Chemicals Exhibiting
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate
Carbon tetrachloride
Methylene chloride
Tet rach I oroethene
Trichloroethene
TOTAL

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone
Barium
Bis(2-ethylhexyl)phthalate
Carbon tetrachloride
Chromium
Copper
Cyanide
Di-n-butylphthalate
Methyl ethyl ketone
Methylene chloride
lickel
Silver
Tetrach loroethene
1,1,1 -Trich loroethane
Trichloroethene
Zinc
HAZARD INDEX

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

5.35E-08
1.78E-09
1.52E-09
2.77E-08
5.80E-09

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

2.81E-08
1.51E-05
1.25E-07
4.16E-09
3.44E-08
2.07E-05
1.81E-06
3.54E-07
1.15E-08
3.54E-09
2.85E-07
3.44E-08
6.45E-08
1 .46E-08
1.35E-08
6.35E-06

Slope
Factor

(mg/kg-day)- 1

1.4E-02
1.3E-01
7.5E-03
5.1E-02
1.1E-02

Reference Dose
(RfD)

(mg/kg-day) (c)
[Uncertainty Factor]

1.0E-01 [1000]
7.0E-02 [3]
2.0E-02 [1000]
7.0E-04 [10003
5.0E-03 [500]
3.7E-02 (e)
2.0E-02 [500]
1.0E-01 [10003
5.0E-02 [10003
6.0E-02 [1003
2.0E-02 [3003
3.0E-03 [23
1.0E-02 [1000]
9.0E-02 [10003
7.35E-03 [10003
2.0E-01 [103

Weight of
Evidence
Class (b)

B2
B2
B2
B2
B2

Target
Organ (d)

Liver, kidney
Blood pressure
Liver
Liver
Nervous system
GI
Thyroid
Mortality
Fetus
Liver
Body weight
Argyria (skin)
Liver
Liver
Liver
Anemia

Upper Bound
Excess Lifetime
Cancer Risk

7E-10
2E-10
1E-11
1E-09
6E-11

2E-09

CDI:RfD Ratio

3E-07
2E-04
6E-06
6E-06
7E-06
6E-04
9E-05
4E-06
2E-07
6E-08
1E-05
1E-05
6E-06
2E-07
2E-06
3E-05

<1 (1E-03)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
lead, potassium, and sodium.

,(b) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.
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TABLE 7-52

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF ACID TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Chemicals Exhibiting
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate

TOTAL

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone
Barium
Bis(2-ethylhexyl )phthalate
Chromium
Copper
Cyanide
Mercury (inorganic)
Methyl ethyl ketone
Nickel
Zinc

HAZARD INDEX

Estiamted Chronic
Daily Intake (CDI)

(mg/kg-day)

4.46E-08

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

1.02E-07
2.04E-05
1.04E-07
5.93E-08
4.21E-06
1.46E-07
2.29E-08
1.67E-08
4.75E-07
5.34E-06

Slope
Factor

(mg/kg-day) -1

1.4E-02

Reference Dose
(RfD)

(mg/kg-day) (c)
[Uncertainty Factor3

1E-01 [10003
7E-02 [33
2E-02 [10003
5E-03 [500]

3.7E-02 (e)
2E-02 [500]
3E-04 [1000]
5E-02 [1000]
2E-02 [300]
2E-01 [103

Weight of
Evidence
Class (b)

B2

Target
Organ (d)

Liver, kidney
Blood pressure
Liver
Nervous system
GI
Thyroid
Kidney
Fetus
Body weight
Anemia

Upper Bound
Excess Lifetime
Cancer Risk

6E-10

6E-10

'CDI:RfD Ratio

1E-06
3E-04
5E-06
1E-05
1E-04
7E-06
8E-05
3E-07
2E-05 ..
3E-05

<1 (5E-04)

a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
lead, potassium, and sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate
human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each
factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following: :
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and '

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are baised on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Drinking water standard reported in mg/L converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.

Arrowhead RI
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TABLE 7-53

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF SOLVENT TANK
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Chemicals Exhibiting
Carcinogenic Effects

Tetrachloroethene

TOTAL

Chemicals Exhibiting
Noncarcinogenic Effects

Acetone
Barium
Cadmium
Chromium
Copper
Mercury (inorganic)
Nickel
Phenanthrene
Silver
Tetrachloroethene
1,1,1-Trichloroethane
Zinc

HAZARD INDEX

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

1.47E-06

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

3.33E-06
4.14E-05
1.15E-07
4.06E-08
8.93E-04
7.33E-07
7.30E-07
1 .46E-07
5.73E-08
3.44E-06
2.08E-08
8.97E-05

Slope
Factor

(mg/kg-day) -1

5.1E-02

Reference Dose
(RfD)

(mg/kg-day) (c)
[Uncertainty Factor]

1E-01 [10003
7E-02 [3]
1E-03 [10] (e)
5E-03 [500]

3.7E-02 (f)
3E-04 [1000]
2E-02 [300]
4E-03 [10000] (g)
3E-03 [2]
1E-02 [1000]
9E-02 [1000]
2E-01 [10]

Weight of
Evidence
Class (b)

B2

Target
Organ (d)

Liver, kidney
Blood pressure
Kidney
Nervous system
GI
Kidney
Body weight
Eye
Argyria (skin)
Liver
Liver
Anemia

Upper Bound
Excess Lifetime
Cancer Risk

8E-08

BE -08

CDI:RfD Ratio

3E-05
6E-04
1E-04
8E-06
2E-02
2E-03
4E-05
4E-05
2E-05
3E-04
2E-07
4E-04

<1 (3E-02)

(a) Chemicals of concern which are not presented due to lack of toxicity cirteria are: aluminum, calcium,
lead, potassium, and sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probale human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor
representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the floowing:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(e) Cadmium RfD for food.
(f) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes

2 liters of water per day.
(g) The RfD for napthalene is used in the absence of toxicity criteria for phenanthrene.

. «i ̂  **. i Arrowhead RI
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27-Mar-91 -- Arrowhead-DRAINLNE

TABLE 7-54

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF DRAIN LINES
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE (a)

Chemicals Exhibiting
Carcinogenic Effects

None

Chemicals Exhibiting
Noncarcinogenic Effects

Barium
Chromium
Copper
Mercury (inorganic)
Nickel
Zinc

HAZARD INDEX

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

Estimated Chronic
Daily Intake (CDI)

(mg/kg-day)

1.04E-05
3.90E-08
5.84E-07
1.15E-08
2.80E-07
1.55E-06

Slope
Factor

{mg/kg-day) -1

Reference Dose
(RfD)

(mg/kg-day) (b)
[Uncertainty Factor]

7E-02 [33
5E-03 [500]

3.7E-02 (d)
3E-04 [1000]
2E-02 [300]
2E-01 [103

Weight of
Evidence
Class

Target
Organ (c)

Blood pressure
Nervous system
GI
Kidney
Body weight
Anemia

Upper Bound
Elxcess Lifetime
Cancer Risk

,

CDI:RfD Ratio

1E-04
8E-06
2E-05
4E-05
1E-05
8E-06

<1 (2E-04)

(a) Chemicals of concern which are not presented due to lack of toxicity criteria are: aluminum, calcium,
lead, potassium, and sodium.

(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each
factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(c) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

(d) Drinking water standard reported in mg/l converted to mg/kg-day by assuming a 70 kg adult consumes
2 liters of water per day.
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27-Mar-91 -- Arrowhead-STAINED

TABLE 7-55

POTENTIAL RISKS ASSOCIATED WITH INCIDENTAL INGESTION OF STAINED
AREA SOIL BY FUTURE RESIDENTS AT THE ARROWHEAD PLATING SITE

Estimated Chronic
Chemicals Exhibiting Daily Intake (CDI)
Carcinogenic Effects (mg/kg-day)

Bis(2-ethylhexyl)phthalate 2.68E-07
Tetrachloroethene 6.69E-08

TOTAL

Estimated Chronic
Chemicals Exhibiting Daily Intake (CDI)
Noncarcinogenic Effects (mg/kg-day)

Bis(2-ethylhexyl)phthalate 6.25E-07
1,2-Dichloroethene 6.04E-07
Tetrachloroethene 1.56E-07

HAZARD INDEX

Slope
Factor

(mg/kg-day)- 1

1.4E-02
5.1E-02

Reference Dose
(RfD)

(mg/kg-day) (b)
[Uncertainty Factor]

2E-02 [10003
2E-02 [10003
1E-02 [10003

Weight of
Evidence
Class (a)

B2
B2

Target
Organ (c)

Liver
Blood
Liver

Upper Bound
Excess Lifetime
Cancer Risk

4E-09
3E-09

7E-09

RfD:CDI Ratio

3E-05
3E-05
2E-05

<1 (8E-05)

(a) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(b) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each
factor representing a specific area of uncertainty in the data available. The standard uncertainty
factors include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(c) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on toxic effects

in the target organ. If an RfD was based on a study in which a target organ was not identified, an organ
or system known to be affected by the chemical is listed.

Arrowhead RI
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27-Mar-91 --ARROWHEAD-DERMH20

TABLE 7-56

POTENTIAL RISKS TO CHILDREN ASSOCIATED WITH DERMAL CONTACT
OF SURFACE WATER AT THE ARROWHEAD SITE

Chemicals
Exhibiting Potential
Carcinogenic Effects

Bis(2-ethylhexyl)phthalate
Tetrachloroethene
Trichloroethene
TOTAL

Chemicals
Exhibiting Potential
Noncarcinogenic Effects

Bis(2-ethylhexyl)phthalate
Cyanide
1 , 2-D icht oroethene
Tet rach I oroethene

HAZARD INDEX

Estimated Subchronic
Daily Intake (SDI)
(mg/kg-day)

3.19E-08
1.27E-07
1.14E-07

Estimated Subchronic
Daily Intake (SDI)
(mg/kg-day)

3.72E-07
4.70E-07
9.80E-07
1.48E-06

Slope
Factor

(mg/kg-day) -1

1.4E-02
5.1E-02
1.1E-02

Reference Dose
(RfD) (b)

(mg/kg-day) (c)
[Uncertainty Factor]

2E-02 [1000]
2E-02 [5003
2E-02 [10003 (e)
1E-01 [1003

Weight of
Evidence
Class (a)

B2
B2

, B2

TARGET
ORGAN (d)

Liver
Thyroid
Blood
Liver

Upper Bound
Excess Lifetime
Cancer Risk

!
i

4E-10
6E-09
1E-09

8E-09

SDIrRFD RatioI

2E-05
2E-05
5E-05
1E-05

<1 (1E-04)

(a) EPA Weight of Evidence for Carcinogenic Effects: [B23 = Probable human carcinogen based on inadequate
evidence from human studies.

b) For pathways involving exposures of less than seven years, subchronic RfD values are used.
c) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor

representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following: ;
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(d) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on

toxic effects in the target organ. If an RfD was based on a study in which a target organ
was not identified, an organ or system known to be affected by the chemical is listed.

(e) RfD is for trans-1,2-dichloroethene. •
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27-Mar-91 --ARROWHEAD-SEDIMENT

TABLE 7-57

POTENTIAL RISKS TO CHILDREN ASSOCIATED WITH DERMAL
CONTACT OF SEDIMENT AT THE ARROWHEAD PLATING SITE (a)

Chemicals Estimated Subchronic Slope Weight of Upper Bound
Exhibiting Potential Daily Intake (SDI) Factor Evidence Excess Lifetime
Carcinogenic Effects (mg/kg-day) (mg/kg-day)-1 Class (b) Cancer Risk

Bis(2-ethylhexyl)phthalate 6.34E-09 1.4E-02 B2 9E-11
Tetrachloroethene 4.83E-10 5.1E-02 B2 2E-11
Trichloroethene 2.66E-10 1.1E-02 B2 3E-12

TOTAL 1E-10

Reference Dose
Chemicals Estimated Subchronic (RfD) (c)
Exhibiting Potential Daily Intake (SDI) (mg/kg-day) (d) Target
Noncarcinogenic Effects (mg/kg-day) [Uncertainty Factor] Organ (e) SDI:RFD Ratio

Acetone 4.79E-08 1E+00 [100] Kidney 5E-08
Benzoic acid 5.14E-07 4E+00 [1] Irritation 1E-07
Bis(2-ethylhexyl)phthalate 7.40E-08 2E-02 [1000] Liver 4E-06
1,2-DichIoroethene 2.96E-09 2E-01 [10003 (f) Blood 1E-08
Methyl ethyl ketone 7.75E-09 5E-01 [1003 Fetus 2E-08
Tetrachloroethene 5.64E-09 1E-01 [100] Liver . 6E-08

HAZARD INDEX <1 (4E-06)

;a) Chemicals of concern which are not presented due to lack of toxicity criteria are: calcium and
sodium.

(b) EPA Weight of Evidence for Carcinogenic Effects: [B2] = Probable human carcinogen based on inadequate
evidence from human studies and adequate evidence from animal studies.

(c) For pathways involving exposures of less than seven years, subchronic RfD values are used.
(d) Uncertainty factors used to develop reference doses generally consist of multiples of 10, with each factor

representing a specific area of uncertainty in the data available. The standard uncertainty factors
include the following:
- A 10-fold factor to account for the variation in sensitivity among the members of the human population;
- A 10-fold factor to account for the uncertainty in extrapolation animal data to the case of humans;
- A 10-fold factor to account for uncertainty in extrapolating from less than chronic NOAELs to chronic
NOAELs; and

- A 10-fold factor to account for the uncertainty in extrapolating from LOAELs to NOAELs.
(e) A target organ is the organ most sensitive to a chemical's toxic effect. RfDs are based on

toxic effects in the target organ. If an RfD was based on a study in which a target organ
was not identified, an organ or system known to be affected by the chemical is listed.

(f) RfD reported is for trans-1,2-dichloroethene.
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7.5.2 Uncertainties in the Human Health Risk Assessment

As in any risk assessment, the estimates of risk for the Arrowhead Plating site have many
associated uncertainties. In general, the primary sources of uncertainty are the following:

• Environmental chemistry, sampling, and analysis;

• Fate and transport modeling;

• Exposure parameter estimation; and

• Toxicological data.

Some of the more important sources of uncertainty in this assessment are discussed below.
As a result of these uncertainties, this risk assessment should not be construed as presenting an
absolute estimate of risks to human or environmental populations. Rather, it is a generally
conservative analysis intended to indicate the potential for adverse impacts to occur.

7.5.2.1 Environmental Chemistry and Analysis

Uncertainty in the risk assessment was introduced because the additional sampling data
collected primarily in 1991 were not incorporated in to the quantitative analysis of risk. These data
were not available at the time the quantitative risk assessment was conducted. Qualitative statements
regarding implications of these additional data on risk estimates are provided in Appendix K;
nevertheless, additional uncertainty was introduced to the quantitative risk estimates provided herein.

The new data revealed three fundamental uncertainties in the risk assessment:

• The surface water background location, ST4, was determined to be downstream of
the new MF and SF samples, which contained VOCs. Therefore the station cannot
technically be considered a background location. Nevertheless, given its distance
from MF and SF locations and the absence of VOCs or other contaminants, the
ST4 station does not appear to be affected.

• The presence of previously undetected compounds, such as low levels of vinyl
chloride and benzene, in ground water could increase the estimated risk associated
with the groundwater ingestion pathway.

• Additionally, the higher concentration of TCE in ground water and surface water
could also increase the risks associated with these pathways.

Analytical precision or accuracy errors can also contribute to the uncertainty associated with
estimates of exposure and risk. Careful QA/QC of the data prior to use in this risk assessment
reduces but cannot eliminate the uncertainty associated with such errors.

7-84
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7.5.2.2 Fate and Transport Modeling : \

There are several sources of uncertainty associated with the volatilization and one-
compartment models used to estimate the transport of chemicals from soil to ambient air. Many of
these sources of uncertainty are related to the assumptions regarding model input parameters. In
most cases, conservative assumptions were made that would result in upper-bound estimates of air
concentrations. For example, for the current worker scenario, it was assumed that chemicals
volatilizing from soil all over the site are transported to the building and consequently enter the
building. This assumption yields a conservative estimate of the indoor air concentration because
factors such as wind direction, which would reduce the amount of VOCs and BNAs transported to
the building from other areas, were not taken into account. Additional assumptions which may over-
or underestimate risk were made regarding the area extent of the volatilization sources.

Assumptions made for other fate and transport pathways also contribute to the uncertainties
associated with exposure and risk estimates. For example, an important assumption In this assessment
was that chemical concentrations remain constant over the 30 year exposure period. Concentrations
of VOCs in surface soil are likely to decrease as a result of physical processes of volatilization and
leaching through soil, while concentrations of these chemicals in ground water may increase as
leaching through soil continues.

7.5.2.3 Exposure Parameter Estimation

Assumptions regarding exposure parameters also contribute to uncertainty in exposure
estimates and the consequent assessment of risks. For example, uncertainties are associated with
assumptions of how often, if at all, an individual would come into contact with the chemicals of
concern and the period of time over which such exposures would occur. Conservative assumptions
were made regarding periods of exposure and it is possible that these time estimates will overestimate
the risks associated with potential exposure to chemicals in the various media evaluated. For
example, in the future residential scenario, the assumption that individuals remain at their residence
24 hr/day, 365 days/yr probably overestimates exposure for a large majority of the population, but
since this could be an accurate estimate of exposure for a small fraction of the population that might
be housebound, it was conservatively used.

Other assumptions used in this assessment (e.g., ingestion of 2 L of water, 48-kg average body
weight) are assumed to represent upper bounds of potential exposure and were used in the absence
of site-specific data. Risks for certain individuals within an exposed population will be higher or
lower depending on their actual drinking water intakes, body weights, etc.

7.5.2.4 Toxicological Data

The toxicity assessment in this report also contributes to uncertainty. For example, a large
degree of uncertainty is associated with the estimated cancer risks for 1,1-dichloroethene, a Class C
carcinogen. 1,1-Dichloroethene contributed the greatest proportion of risk for the groundwater
ingestion and inhalation pathways. However, Class C carcinogens are regarded only as possible
human carcinogens and have only limited evidence of carcinogenicity. Thus, estimates of cancer risk
associated with 1,1-dichloroethene could greatly overestimate cancer risks associated with the site.

Toxicological data error is also a large source of uncertainty in this risk assessment. As the
U.S. EPA notes in its Guidelines for Carcinogenic Risk Assessment (EPA 1986b); there are major

-_ Arrowhead RI
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uncertainties in extrapolating both from animals to humans and from high to low doses. There are
important species differences in uptake, metabolism, and organ distribution of carcinogens, as well
as species and strain differences in target site susceptibility. Human populations are variable with
respect to genetic constitution, diet, occupational and home environment, activity patterns and other
cultural factors. The lack of inhalation criteria for some of the chemicals is also an important source
of uncertainty. For example, no criteria are available for acetone and bis(2-ethylhexyl)phthalate, both
of which are present in 3 out of 4 source areas for which inhalation estimates are calculated. The
estimated air concentrations of bis(2-ethylhexyl)phthalate, a BNA, are 2 to 6 orders of magnitude
lower than other chemicals concentrations. Thus, this chemical probably would not contribute
appreciably to overall risks. The estimated air concentrations for acetone, on the other hand, are
comparable to those of other chemicals, and therefore this chemical could potentially contribute to
overall risks associated with the inhalation pathway.

There is also a great deal of uncertainty in assessing the toxicity of a mixture of chemicals.
In this assessment, the effects of exposure to each chemical present in the environmental media have
initially been considered separately. However, these substances occur together at the site, and
individuals may be exposed to mixtures of the chemicals. Prediction of how these mixtures of
toxicants will interact must be based on an understanding of the mechanisms of such interactions.
The interactions of the individual components of chemical mixtures may occur during absorption,
distribution, metabolism, excretion, or activity at the receptor site. Individual compounds may interact
chemically, yielding a new toxic component or causing a change in the biological availability of an
existing component, or may interact by causing different effects at different receptor sites. Suitable
data are not currently available to rigorously characterize the effects of chemical mixtures similar to
those present at the Arrowhead Plating site. Consequently, as recommended by EPA, chemicals
present at the site were assumed to act additively, and potential health risks were evaluated by
summing excess cancer risks and calculating hazard indices for chemicals exhibiting carcinogenic and
noncarcinogenic effects, respectively. This approach to assessing the risk associated with chemical
mixtures assumes that there are no synergistic or antagonistic interactions among the chemicals
considered and that all chemicals have the same toxic end points and mechanisms of action. To the
extent that these assumptions are incorrect, the actual risk could be under- or over-estimated.

7.6 ENVIRONMENTAL ASSESSMENT

This section assesses the potential risks to nonhuman receptors associated with the chemicals
of potential concern at the Arrowhead Plating site. The approaches used in this environmental
assessment roughly parallel those used in human health risk assessment. In Section 7.6.1, the
environmental setting is described, potential environmental receptors are identified, and indicator
species or groups are selected for evaluation. Exposure pathways for the indicator species are
identified in Section 7.6.2, and available toxicity data are summarized in Section 7.6.3. Finally, in
Section 7.6.4, potential risks are discussed. Risk estimates are limited primarily to the population
(species) level because data on community and ecosystem level responses to environmental pollutants
generally are lacking. However, wherever possible, the implications of population level impacts on
the community or ecosystem are also discussed.

7.6.1 Receptor Characterization

In this section the plant and animal species which occur at or near the Arrowhead Plating site
are identified and indicator species or species groups are selected for further evaluation.
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7.6.1.1 Terrestrial Receptors _ \
-v" ^ ' ~ - i

The Arrowhead Plating site lies in a rural area of Westmoreland County, Virginia. The
majority of the onsite area is disturbed due to past or ongoing site activities. Most of the area
immediately surrounding the facility is developed or mowed, and is of limited value as potential
habitat. Terrestrial habitats surrounding the property include forests, cultivated and abandoned fields,
and wetlands. These habitats are described briefly below. i

Forests. The upland forests, which are most extensive east of the site, are dominated by
American beech, red maple, and red oak. Tulip poplar becomes a prevalent overstory species in
areas of lower elevation closer to surface water. Understory species include rhododendron, American
holly, dogwood, red cedar, cherry, birch, and Smilax spp. Cinquefoil, clover, moss, and grasses are
some of the herbs present. May apple occurs in wet drainage areas. Animals likely to inhabit the
forests include deer, raccoon, red fox, opossum, and gray squirrel. Feral dogs also reportedly inhabit
the area.

Fields. Adjacent to the northeast corner of the site boundary is a cultivated field currently
planted for corn. Other fields which were planted for hay or abandoned are located near the
property as well. These fields which contain a variety of grasses and perennial herbs such as
goldenrod, asters, and ragweed, probably provide habitat for field mice, voles, shrews, and cottontail
rabbit. Birds which inhabit field and edge habitats include meadowlark, field sparrow, and eastern
bluebird. Wild turkey were observed roosting in trees in a field near Weavers Millpond, and tracks
were present along a trail leading down to the millpond. Predatory birds such as red-tailed hawk and
osprey also occur near the site.

Wetlands. A relatively large wetland complex is located northeast of the site. It is comprised
of Scales Branch which drains directly from the site to Weavers Millpond, Reeds Swamp and
Lawrence Swamp which merge into the millpond at opposite ends, and Pierce Creek which is the
millpond's outflow. The wetland complex potentially provides habitat for a variety of terrestrial
receptors including amphibians such as frogs and salamanders and reptiles such as turtles and snakes.
Bird species which utilize wetland habitats include mallards and black ducks, great blue heron, and
numerous songbirds.

7.6.1.2 Aquatic Receptors

Surface water in the area consists of small streams which flow into and out of the millpond
at the center of the wetland complex described above. Scales Branch and Weavers Millpond are the
two surface waters most likely to be potentially impacted by the site, because Scales Branch receives
runoff from the site, and it flows from the site directly into Weavers Millpond. It should be noted
that the environmental assessment of Scales Branch does nol include ils tributaries, although these
waters would be expected to have Ihe same general characteristics. A brief description of both of
these water bodies is presenled below.

Scates Branch. Al ils origin near Ihe site, Scales Branch has sleep banks which are relalively
unvegetated. The stream is approximately 3 lo 4 inches deep in Ihis area, and small shallow pools
occur Ihroughout porlions of Ihe creek. The channel through which the stream flows becomes
shallow and broad near sample ST3, and the water flow slows. Based on observations during a
Clement site visit in 1990, Ihis is believed lo be Ihe firsl point where; flow .is low enough for
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suspended sediments to settle. ST4, located on a branch which joins Scates Branch below ST3, is
considered to be a background stalion. This Iributary stream is relatively fast flowing, wilh a substrate
of mixed mud and sand. ST5 is located on Scates Branch after junction with the tributary. At ST6,
located where Scates Branch enters Weavers Millpond, the channel of Scates Branch becomes less
defined and is hidden by a thick growth of tall grasses and rushes.

Most of the surface water along Scates Branch is too shallow to support fish populations, and
aquatic life along this stream probably is limited to invertebrate specie!;. A benthic survey was
conducted by VADWM on April 3, 1990 at three locations along Scates Branch (VADWM 1990).
The number of species observed during a 5 minute interval, and the relative abundance of each
species, were noted. At a location approximately 100 yards downstream of the confluence with the
lumber yard drainage, no aquatic invertebrates were observed. This is believed to be largely due to
the extreme scouring and the probable intermittent nature of the stream at this point. At a point
about 20 yards upstream of Weavers Millpond, mayflies, caddisflies, craneflies, gastropods, and
tadpoles were observed. At a location 300 yards below the millpond, mayflies, caddisflies, craneflies,
stoneflies, damselfly nymphs, midges, and amphipods were observed.

Weavers Millpond. Weavers Millpond is approximately 12 acres in size and is approximately
1 to 2 feet deep. It is high in suspended solids and is murky, with visibility limited to a few inches
beneath the surface. Floating heart is prevalenl in shallow milipond. Rushes occur along Ihe banks.
Green algae and duckweed are prevalenl in ihe millpond, and grasses predominate along its
perimeter.

Numerous fairly large turlles, probably snapping lurlles, were observed swimming in the
millpond during the site visit in October 1990. Bass reportedly live in millpond, and it is likely that
some other warmwater fish (e.g., bluegill), exisl as well. Sporl and commercial baitfishing occurs in
downstream portions of Pierce Creek. Blueback herring, American shad, and hickory shad are
believed to migrate through and/or spawn in Pierce Creek. Alewife and striped bass have also been
occasionally observed. Further downstream, Pierce Creek joins Nomini Creek which widens into
Nomini Bay, which contains a thriving shellfish population.

A complete list of the species that occur or are likely to occur near the Arrowhead Plating site
has been compiled by the Virginia Department of Game and Inland Fisheries and is presented in
Appendix J.

7.6.13 Endangered Species

Two endangered species which may utilize the area near the site were identified based on
information obtained from the Virginia Department of Game and Inland Fisheries (see Appendix C).
These are the state endangered eastern tiger salamander (Ambystoma tigrinum tigrinum), and ihe slale
and Federal endangered bald eagle (Haliaeetus leucocephalus). Polenlial occurrence near Ihe sile,
and habitat and food preferences for these species are briefly summarized below.

Eastern tiger salamander. Salamanders of the genus Ambystoma are commonly referred to
as mole salamanders, because like moles, they stay underground most of their adult lives, emerging
mainly during rainy periods and at night (Conant 1975). They are terrestrial as adults, and feed
mainly on earthworms and other invertebrates. In the late winter or early spring, they congregate
around surface water bodies to mate and lay their eggs. They may utilize the millpond as breeding
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habitat. Scates Branch is not likely to be used as breeding habitat because of ils sleep, unvegelaled
banks; eggs are typically deposited in large clusters onto ihe water's surface, often atlached lo slicks
and emergenl vegelation. Eggs hatch inlo aqualic larvae, which melamorphose inlo adult form
approximately 2 to 4 months after halching (Slebbins 1962).

Bald eagle. Three bald eagle nesls are reportedly located within a 4-mile radius of the site.
One nest is reported to occur near Pierce Creek less than 0.25 mile downslream from its origin at
Weavers Millpond. Another nesl is reportedly located furlher lo Ihe norlheasl on Bumbers Branch
approximately 0.5 miles upslream from its juncture wilh Pierce Creek. A ihird nest al Cal Point
Creek is located across Route 3 about 3.5 miles soulheasl of Ihe sile. The primary food item in Ihe
bald eagle's diel is fish. When fish are not available, eagles will prey on small mammals such as
rodents and coltontail rabbils, as well as carrion and birds.

7.6.1.4 Selection of Indicator Species

As ihe previous discussion indicates, Ihe area surrounding Ihe Arrowhead Plating site supporls
a variety of planl and animal species. Because of Ihis diversity, il is nol feasible lo assess impacts lo
every species polenlially affecled. A common approach to this problem in ecological assessments is
to select "indicator" species or species groups for delailed evalualion and lo assume lhal impacts to
these indicators are represenlalive of potential impacts in olher species al the site. The selection of
indicator species or groups is driven by several factors, including the potenlial for exposure, and Ihe
sensitivity (e.g., endangered species) or susceptibility (e.g., based on habitat requirements or foraging
strategies) to chemical exposures. Each of these factors was considered in the selection of indicators
al ihe Arrowhead Plaling sile.

Of particular concern al Ihe Arrowhead Plaling site are the bald eagle and tiger salamander,
the two endangered species lhal occur or may occur near Ihe sile. Bald eagles are lop predators, and
could be exposed lo chemicals lhal accumulate Ihrough Ihe food chain. Since Ihe main consliluenl
in Ihe bald eagles' diel is fish, Ihey may be exposed lo chemicals which have accumulated in fish
lissue. However, none of Ihe chemicals of concern in surface waler al the site accumulate
appreciably in fish [bioconcenlralions factors range from 1 (copper) (EPA 1985a) lo 136 (aluminum)
(EPA 1988a)]. Furthermore, because eagles have a very large foraging range (i.e., lens of square
miles) and because of Ihe limited availability of fish in surface water near the site (i.e., only in
Weavers Millpond), bald eagles are not likely to be exposed to any appreciable extent to chemicals
associated with Ihe Arrowhead Plaling sile. Therefore, they are not selected as an indicator species
for evaluation.

The Ihrealened eastern tiger salamander is much more likely than bald eagles to be
significantly exposed to chemicals associated with the site. Although terreslrial as adulls, Ihe embryo-
larval slage is aqualic, and therefore could be exposed directly to chemicals in surface water. Because
of the potential for significant exposure, and because of its state endangered status, the eastern tiger
salamander is selected as an indicator species.

Aquatic organisms are considered to be excellent indicators of the health of an ecosystem.
Unlike terrestrial animals whose range can include a large number of food and water sources, an
aquatic organism's habitat is generally limited to a particular lake, pond, or river system. Because
their movement is generally restricted to the aquatic system they inhabit, aquatic receptors are more
susceptible than most terreslrial species to exposure to chemicals in surface water. Therefore, aquatic
receptors as a group are selected as indicators.
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Terrestrial receptors could be exposed to chemicals by a variety of pathways (e.g., ingestion
of soil or sediment while foraging or grooming, ingeslion of food that has accumulated chemicals,
inhalation of airborne chemicals). Although the area surrounding the site property contains a
diversity of habitals, ihe disturbed area onsile is nol likely lo provide habilal or food source for a
significani porlion of the local wildlife communities. The chemicals of concern at the Arrowhead
Plating site do not bioaccumulate extensively, so terreslrial wildlife also is nol likely to be significantly
exposed via ingestion of contaminated food. The range of terreslrial receptors is generally less
reslricled than thai of aqualic receptors, and Ihey are nol likely to be continually exposed to
chemicals as are aquatic receptors. Therefore, no terrestrial receptors are selected as indicator
species, and the focus of this assessmenl will be on aqualic receptors.

7.6.2 Potential Exposure Pathways
i

In this section, the pathways by which the selected indicator species may be exposed to
chemicals of potenlial concern at the Arrowhead Plaling sile are discussed.

7.6.2.1 Aquatic Receptors

Aqualic organisms may be exposed to chemicals of potenlial concern by direcl conlacl wilh
waler and sedimenl and by ingeslion of sedimenls and food conlaining chemicals of potenlial concern.
However, exposure and toxicity data (dose-response correlations) are seldom available to assess
exposure via all of these pathways. Direct contact with water (e.g., respiration) and sediments are
generally the only pathways for which toxicity and risk estimates can be determined. In this
assessment, impacts to aqualic life via direcl conlacl with surface water will be evaluated
quantitalively. Impacls via direcl conlact with sediment will be evaluated for those chemicals with
available toxicity data.

7.6.2.2 Amphibians (Eastern Tiger Salamander)

Amphibians are susceptible to chemicals in surface water during their aquatic embryo-larval
stage. They may be exposed via direct contact with water during the aquatic embryo-larval stage, and
via dermal contact with and ingestion of water, sediment, and soil during the terrestrial adult stage.
The aquatic embryo-larval stages of amphibians have been shown to be more sensitive to toxic effects
of chemicals than the adult stage (Birge et al. 1979). Therefore, impacts to amphibians from
exposure of the embryo-larval stage to chemicals in surface water and sediment will be evaluated for
those chemicals with available toxicity dala. Sample stations ST1 through S1[3 do not provide suitable
breeding habital for amphibians (i.e., Ihe banks in these locations are steep and unvegetated);
Iherefore, only surface waler and sedimenl concentrations from ST5 through ST7 will be used in
evaluating impacts to the eastern tiger salamander.

7.63 Toxicity of Chemicals of Potential Concern

This section briefly summarizes toxicity data for the chemicals of potential concern and
receptors (i.e., aquatic life and amphibians) selected for quantilalive evaluation. The procedures used
lo selecl crilical toxicity values for aquatic life and amphibians are summarized below. Then data
regarding toxicity of chemicals in surface water (and sediment where available) are presented for
these receptors.
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Aquatic Life. Chemical-specific ambienl waler quality criteria (AWQC) have been established
by the EPA (1986e) for Ihe proleclion of aqualic life. These criteria are developed lo be proleclive
of 95% of all aqualic species. Nol only are fish protected, bul aqualic invertebrates and planls are
protected as well. Acule AWQC concenlralions are intended lo be proleclive againsl shorl-lerm
effecls such as lelhalily, and chronic AWQC concenlralions are intended to be proleclive againsl
long-term effecls such as impaired reproduclive capacity. If the measured one-hour chemical
concenlralion in a particular waler body does nol exceed Ihe acute AWQC for lhal chemical, and if
ihe measured 4-day average concenlralion does nol exceed ihe chronic AWQC, ihen neilher acute
nor chronic toxic effecls are likely to be observed in the aquatic communities in thai water body.

For some inorganic chemicals, toxicity to aquatic life is dependent upon hardness of the
surface water, and criteria are presented in the form of an equation which includes water hardness.
The geomelric mean waler hardness al stations ST1 through ST7 was calculated to be 39 mg/L as
CaCO3 The equations, which are based on regression analysis, are valid only down to a water
hardness of 50 mg/L as CaCO3; for water hardnesses below 50 mg/L, EPA recommends using the
criteria lhal correspond lo a hardness of 50 mg/L as CaCO3. Therefore, for ihose inorganics wilh
hardness-dependenl criteria, a hardness of 50 mg/L as CaCO3 was used lo calculate the criteria.

If AWQCs have not been established for a particular chemical, then available toxicity data are
used to derive critical toxicity criteria. Median lethal concentralions (LC50s), acule no-observed-
effect concentrations (NOECs), or lowest-observed-effect concentrations (LOECs) are used to derive
the acute toxicity criteria, and chronic NOECs or LOECs are used to derive the chronic values. A
NOEC is used preferentially if available since it represents the concentration at which no adverse
effect was observed. In the absence of a NOEC, if LOEC or LC50 values are available for four or
more genera, then no uncertainly factor is applied to these values; otherwise a factor (divisor) of 10
is applied to provide a reasonable margin of safety. The uncertainty factors are arbitrary values used
to reflect the uncertainty in the estimates of the "safe" exposure level. The use of these uncertainty
factors is based on an analysis of dose-response data performed by EPA which was used to evaluate
potential effects of pesticides on wildlife (Urban and Cook 1986).

If no chronic toxicity data are available for an organic chemical (e.g., 1,2-dichloroethene), a
chronic toxicity value is derived by dividing the lowest LC50 by an acute-to-chronic ratio (ACR) thai
also takes into account interspecies differences in sensitivity. This ACR was derived by Kenaga
(1982) and further supported by the work of Call et al. (1985). Because this work only evaluated
ACRs for industrial organic chemicals, it is not appropriate to apply it to inorganic chemicals (e.g.,
potassium).

Criteria similar to AWQCs have not yet been developed for chemicals in sediments. However,
limited data are available which report effects in terms of EC50s or NOECs. No uncertainty factors
are used to derive sediment critical toxicity values, because an analysis of dose-response data for
chemicals in sediments has not been performed, and appropriate uncertainty factors are not known.

Amphibians (Eastern Tiger Salamander). Toxicity data for salamanders are limited. Critical
toxicity values for embryo-larval stage salamanders exposed to surface water are derived from the
available data by applying an appropriate uncertainty factor. The available data are generally
reported as LC50s or median effect concentrations (EC50s). As described above for aquatic life, an

' Stephan, .C. 1990. Personal communication, EPA Environmental Research Laboratory, Duluth, MN, April 1990.
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uncertainty factor of 10 is applied to these data to provide a reasonable margin of safety for most
species. An additional uncertainty factor of 2 is applied in order to provide: a greater protection level
for the endangered species (Urban and Cook 1986).

The toxicity of these chemicals to aquatic organisms and amphibians is briefly summarized
below. Critical toxicity values, which will be used to estimate the potenlial impacls lo aquatic life and
amphibians, are identified or derived. Table 7-59 summarizes the critical toxicity values presented
in this section.

7.63.1 Aluminum
i

The aquatic toxicity of aluminum is thoughl to be due to the soluble inorganic forms.
Aluminum is amphoteric wilh minimum solubility at approximately pH 5.5. As pH increases and
decreases from 5.5, aluminum solubility increases. Freeman and Everhardt (1971) and Hunter et al.
(1980) found thai as pH increases, aluminum toxicity to rainbow troul increases. However, Call
(1984), Boyd (1979), and Kimball (manuscript) found the opposite in tests using fathead minnows.

Chronic toxicity of aluminum has been tested with Daphnia magna (Hmball manuscript) which
was found to have a chronic value of 1,388 ng/L after 28 days. Reduced growth rate at a
concentration of 7,100 |ig/L was reported by Kimball (manuscript) in 281-day (posthalch) embryo-
larval lesls using falhead minnows. Tesls for aqualic phyloloxicily using tte alga Selanastrum capri-
comutum found it sensitive to aluminum at a concentration of 460 jig/L (Call 1984).

The acute AWQC for aluminum is 750 jig/L and the chronic AWQC is 87 fig/L (EPA 1988a).
These values will be used to evaluate potenlial impacls to aquatic life.

Birge et al. (1978 in EPA 1988a) reported an 8-day EC50 (median effect concenlralion) based
on dealh and deformity of 2,280 ng/L for the marbled salamander Ambystoma opacum. By applying
an uncertainty factor (divisor) of 20 to this value (10 because it is an EC50, and 2 to provide extra
protection to an endangered species), a critical toxicity value of 114 |ig/L is derived. This value will
be used to evaluate potenlial impacls of aluminum to Ihe eastern tiger salamander.

7.6.3.2 Bis(2-ethylhexyl) phthalate

Daphnia magna exposed lo bis(2-elhylhexyl)phlhalale (DEHP) had an LC50 of 11,000 ug/L.
Chronic loxicily was observed at 8.4 jig/L in rainbow trout (EPA 1987). Daphnia magna had
significant adverse reproductive effects at 3 jig/L (EPA 1987). EPA (1987) has proposed acute and
chronic AWQCs of 400 and 360 jig/L, respectively (see also Federal Register Vol. 55 No. 93,
5/14/90——Notices). These AWQCs will be used to estimate potential impacls of DEHP lo aquatic
life. No amphibian toxicity data were available which relate waler concentrations of DEHP with toxic
effects.

Barrick and Beller (1989) report apparent effects thresholds (AETs) of 60 mg/kg DEHP in
sediment for both oysters and benthic invertebrates, and an AET of 78 mg/kg DEHP in sediment for
amphipods. The lowesl AET of 60 mg/kg will be used to estimate potential impacts of DEHP in
sediment to aquatic life.
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TABLE 7-59

CRITICAL TOXICITY VALUES FOR INDICATOR SPECIES AT THE ARROWHEAD PLATING SITE (a)

Aquatic Life (ug/l) Salamader
Surface

Water (ug/l)
... —..---.-.-..- Sediment Surface

Chemical Chronic Acute (mg/kg) Water (ug/l)

Organics:

Acetone -• -- NA
Benzoic acid -- -- NA
Bis(2-ethylhexyl)phthalate 360 400 60 NA
1,2-Dichloroethene (total) 46.4 1,160 NA NA
Methyl ethyl ketone -- -- NA
Tetrachloroethene 84 528 >22 NA
Trichloroethene 2,190 4,500 NA NA

Inorganics:

Aluminum 87 750 -- 114
Calcium 92,000 NA NA NA
Copper (b) 6.5 9.2 - 38
Cyanide 5.2 22 -- NA
Iron 1,000 NA -- NA
Nickel -- -- >140
Potassium NA 373,000 -- NA
Sodium NA NA NA NA

(a) See text for source of values.
(b) Toxicity of this chemical is dependent upon water hardness. Refer to text for

equations used to calculate criteria.

7'93 AR3QI533



An EC50 of 150 mg/kg DEHP in sediment was reported for hatchability of moorfrog (Rana
arvalis) eggs. Tadpoles which hatched successfully were not adversely affected (Larsson and Thuren
1987). This sediment value will be used to evaluate potential impacts of DEHP to amphibians.

7.6.33 Calcium

Calcium is not highly toxic to aquatic life, and therefore EPA has not established protective
criteria for calcium. Calcium is one of the polyvalent metallic ions which define water hardness.
Thus calcium indirectly affects the toxicity of those chemicals whose toxicity is dependent on water
hardness (copper, lead, nickel, silver, and zinc). The following 96-Hour LC50s were reported in NAS
(1973): 160,000 ug/L for Gambusia affinis (Wallen et al. 1957), 9,500,000 ug/L for bluegill sunfish
(Lepomis macrochirus) (Cairns, Jr. and Scheier 1959), 3,130,000 ug/L for Nitzschia linearis (5-days)
(Patrick et al. 1968), and 7,752,000 jig/L for Carassius auratus (1-day) (Jones 1957). Dowden and
Bennett (1965) reported a 1-day LC50 of 3,526,000 ug/L for Daphnia magna. They also report LC5Qs
for snail eggs (Lymnaea sp.) of 4,485,000, 3,094,000, and 2,373,000 ug/L, following 1-, 2-, and 3-day
exposures, respectively. Because data are available for 4 genera, the lowest LC50 of 160,000 ug/L
is selected as an acute critical toxicity value. Thresholds of immobilization ranging from 920,000 jig/L
for Daphnia magna to 22,080,000 ug/L for white fish (sp. not given). By applying an uncertainty
factor of 10 to 920,000 ng/L (which is the lowest threshold of immobilization and assumed to be
similar to a LOEC), a chronic critical loxicily value of 92,000 |ig/L is derived. These values will be
used lo evaluate potential impacls to aquatic life. Dala regarding sediment toxicity were not located,
nor were data regarding toxicity to amphibians.

7.63.4 Copper

The primary mechanism of copper toxicity in aquatic organisms is osmoregulatory disruption
and failure (Rand and Pelrocelli 1985). Copper toxicity decreases with increasing water hardness.
Data suggest that acclimation increases tolerance to copper. EPA (1986s) recommended thai ihe
4-day average concenlralion of copper (in |ig/L) should nol exceed the value given by
e(0.8545[ln(haroness)]-1.465)j and tne i_nour average concentration should not exceed the value given by
e(0.942[ln(hardness)]-1.464) -ĵ  vajues corresponding to the 4-day and 1-hour average concentrations
at a water hardness of 50 mg/L CaCO3 are 6.5 and 9.2 ug/L, respectively. These two values are
selected as critical toxicity values for evaluating impacts of copper to aquatic life.

An EC50 of 770 ug/L was reported in EPA 1985a for the marbled salamander (Ambystoma
opacum) following 8 days of exposure. By applying an uncertainty factor of 20, a critical toxicity value
of 38 (ig/L is derived. This value will be used to evaluate impacts of copper to amphibians.

7.63.5 Cyanide

The toxicity of cyanide to aquatic organisms is mainly due to the HCN species. At high
concenlralions, cyanide has induced dealh in aquatic invertebrates and fish following acute exposures,
and following chronic exposures, can decrease reproduction, impair swimming ability, increase
respiration, disrupt osmo- and iono-regulation, and induce histopathological effects in fish (EPA
1985c). While long-term survival and growth of various freshwater fish species are known to be
substantially reduced under conditions of 20-50 ug/L free cyanide, no accumulation or biomagnifi-
calion in the food chain has been demonstrated (Towill et al. 1978, EPA 1985d). Also, field studies
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have demonstrated that despite cyanide-induced mortality among invertebrate fauna, populations of
these organisms can rapidly recover in lakes treated with cyanide (Leduc et al. 1973).

EPA (1985c) has established for aquatic organisms and their uses a continuous concentration
criterion of 5.2 ug/L and a 1-hour concentration criterion of 22 jig/L for cyanide. These values will
be used to evaluate impacts of cyanide to aquatic organisms. No data regarding toxicity to amphibians
were available.

7.63.6 1,2-Dichloroethene

Limited information is available on the environmental toxicity of dichloroethenes. The
location of Ihe chlorine atoms on Ihe molecule does nol greally affecl Ihe acule toxicity of
dichloroelhene (DCE). Bluegill were tested by Ihe EPA (1978) wilh bolh 1,1- and 1,2-DCE under
similar conditions and Ihe 96-hour LC50 values under slalic conditions were 73,900 and 135,000 ng/L
respectively. The LOEC for acule toxicity reported by EPA (1986e) is 11,600 ug/L, which is reported
for 1,1-DCE. By applying an uncertainty factor of 10 to Ihis value, an acule critical toxicity value of
1,160 ng/L is derived. A LOEC for chronic toxicity was nol available. By applying an ACR of 25
lo Ihe measured acule LOEC of 11,600 (ig/L, an estimaled chronic toxicity value of 464 ug/L is
calculated. Applying an uncertainty factor of 10 results in a chronic critical toxicity value of 46.4 ug/L
The acute LOEC of 1,160 \igfL and the estimaled chronic value of 46.4 ug/L are selected as critical
toxicity values for estimating impacts to aquatic life. No data regarding sediment toxicity or toxicity
to amphibians were located in the literature.

7.63.7 Iron

Ferrous (Fe+2) and ferric (Fe+3) iron are the species of concern in aquatic systems, although
ferric iron is practically insoluble (EPA 1986e). Iron concentralions of 1,000-2,000 [ig/L were lethal
to Northern pike (Esox lutius) and troul (species nol known) (Doudoroff and Kalz 1953).
Precipilales of iron coat the gills and inhibit oxygen uptake, and also create a smolhering effecl
delrimenlal to fish eggs and bottom-dwelling organisms. EPA has eslablished an AWQC for iron of
1,000 Lig/L (EPA 1986e). This value is selected as Ihe critical toxicity value for estimation of impacts
to aquatic life.

7.63.8 Potassium

Potassium is a major cation in aquatic systems and is a required micronutrient for some aquatic
species (Wetzel 1975). LC50 values of 679,000, 940,000, 1,941,000, and 4,200,000 jig/L have been
reported for polassium chloride in Daphnia magna, bluegill Lepomis macrochirus, snail species
(Lymnaea), and mosquilofish Gambusia affinis, respectively (NAS 1973). A threshold of
immobilization has been reported as 373,000 jig/L potassium chloride for Daphnia magna (NAS
1973). No AWQC for the protection of freshwater aquatic life have been established for potassium,
due to its relatively low toxicity. Because acute toxicity data are available for more than 4 genera,
the lowest LC50 of 679,000 (ig/L is selected as the acute critical toxicity value. The acute to chronic
ratio of 25 is not used for potassium because it applies only to organic chemicals. Data regarding
toxicity to amphibians were nol available.

, _| pj
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7.63.9 Sodium

Sodium is nol very loxic to aquatic life. The main toxic effect of excess amounts of sodium
is the disruption of osmotic balance in freshwater aquatic organisms. Sodium is one of the major
cations that define salinity. The range of salinities an organism can exist in varies among species;
some species can tolerate wide variations in the salt concentration of the water in which they exist,
while others have a limited tolerance to such variations. Anadromous fish, which generally live in salt
water and migrate into freshwater to spawn, undergo chemical changes to adapl lo Ihe decrease in
salinity (Schmidt-Nielsen 1983). No AWQC have been eslablished for Ihe protection of aquatic life,
nor were other toxicity dala available.

7.63.10 Tetrachloroethene

An ambienl water quality criterion has nol been established for tetrachloroethene. The
LOECs for acute and chronic toxicity to freshwater aquatic life are 5,280 and 840 ug/L, respectively
(EPA 1986e). The chronic LOEC is based on an embryo-larval test performed with falhead minnows
(Pimephales promelas) thai gave a Maximum Acceplable Toxicanl Concenlralion (MATC) of
840 ng/L (EPA 1980a). Applying an uncertainty factor of 10 to these values yields acute and chronic
toxicity values of 528 and 84 jig/L, respectively. No data regarding amphibiian toxicity were reported.

Barrick and Beller (1989) reported sediment values in terms of AETs. They report an AET
of >22 mg/kg (in dry weighl) for benlhic invertebrates, amphipods, and oysters. This AET will be
used as a critical toxicity value for sedimenl in evaluating impacts to aquatic life.

7.63.11 Trichloroethene

Insufficient data are available to establish an ambient water quality criteria (EPA 1986e). TCE
has shown acute toxicity to freshwater aquatic life at a concentration as low as 45,000 \igfL and acute
toxicity could occur at lower concentrations with more sensitive species (EPA 1986e). The chronic
LOEC is 21,900 ug/L (EPA 1986e). By applying an uncertainty factor of 10 to these values yields
acute and chronic toxicity values of 4,500 and 2,190 ug/L, respectively. No data regarding sediment
toxicity or toxicity to amphibians were located.

7.6.4 Risk Characterization

This section presenls a discussion of the potential risks to aquatic life and amphibians
associated wilh exposure lo chemicals of potential concern.

7.6.4.1 Risks to Aquatic Life

Risks to aquatic life are evaluated below by comparing surfa.ce water and sediment
concentrations with critical toxicity values. In addition, the results of three toxicity tests conducted
to support the field investigation are discussed.

Surface Water. A comparison of aquatic toxicity values and estimated exposure concentrations
is given in Table 7-60. None of the organic chemical concentrations in the surface waters exceed
the toxicity criteria for these chemicals. Of the inorganic chemicals for which criteria are available,
aluminum and copper concentrations exceed both acute and chronic criteria. The exposure point
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TABLE 7-60

COMPARISON OF SURFACE WATER CONCENTRATIONS WITH
AQUATIC LIFE CRITICAL TOXICITY VALUES

(Concentrations in ug/l)

Critical Toxicity
Value (b)

Exposure Point --------------------
Chemical Concentration (a) Chronic Acute

Organics:

Bis(2-ethylhexyl)phthalate 9.5 360 400
1,2-Dichloroethene (total) 25 46.4 1,160
Tetrachloroethene 37.8 84 528
Trichloroethene 34 2,190 4,500

Inorganics:

Aluminum 2,395 87 750
Calcium 19,025 92,000 160,000
Copper 10.8 6.5 9.2
Cyanide 12 5.2 22
Iron 5,100 1,000 NA
Potassium 7,700 NA 373,000
Sodium 106,800 NA NA

(a) Each concentration listed is the lower of the upper 95th percent
confidence limit on the arithmetic mean and the maximum detected
concentration.

(b) In absence of AWQC, lowest observed effect concentrations (LOEC) are
presented, if available, to provide an estimate of relative toxicity.

(c) No toxicity values were available for 1,2-dichIoroethene; the value
presented here is for 1,1-dichloroethene.

(d) Toxicity of these chemicals is dependent upon water hardness. Refer to
text for equations used to calculate criteria.
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concentration for aluminum is over three times higher lhan Ihe acule toxicity criterion and over 25
limes higher lhan ihe chronic criterion for this chemical. However, the aluminum concentration of
380 ng/L in the background sample (ST4) also exceeds the chronic criterion. For copper, Ihe
exposure poinl concenlralion is higher lhan ihe toxicity criteria bul wilhin Ihe same order of
magnilude. The exposure poinl concenlralion for cyanide is wilhin Ihe acute criterion bul exceeds
Ihe chronic criterion (although it is within the same order of magnitude). The exposure point
concentration for iron is five times the AWQC for this chemical. The iron concentration in the
background sample also exceeds this chemical's AWQC. The elevated concentrations of iron and
aluminum in the background sample are probably indicative of local surface water conditions.
Although EPA has not established AWQC for sodium, it is an important major cation in aquatic
systems and is not considered highly toxic.

It musl be noted lhal the AWQC are conservative values which are intended to be protective
of aquatic life. Exceedance of the AWQC does not mean that organisms in a particular surface water
body are being negatively impacted; il simply means lhal Ihere is Ihe potential for negative impacls
to some species.

Sediment. Criteria similar to AWQC have not yet been established for sediment. Table 7-61
presents a comparison of sediment concentrations with the three available sediment toxicity values.
As shown in Ihis table, exposure point concentrations are one to three orders of magnitude below

. the sediment toxicity values. Since the toxicity values are not exceeded, adverse impacts from
exposure to sediments are not expected.

Toxicity Test Results. In addition to a chemical analysis of surface water and sediment
samples, aquatic toxicity tests also were performed to determine whether the chemicals in these media
have the potential to affect survival, growth, or reproduction of aquatic organisms.

Toxicity tests were performed using two aquatic organisms: the fathead minnow (Pimephales
promelas) and the invertebrate waterflea Ceriodaphnia dubia. Two types of analyses were performed:
the 7-day fathead minnow survival and growth toxicity tesl, and Ihe 7-day C. dubia survival and
reproductive toxicity lesl. The general melhodology for Ihe two lesls is similar, in lhal organisms
were mainlained in surface waler samples or laboratory conlrol waler for 7 days, and survival and
growlh (minnows) or reproductive success (C. dubia) were monitored. A slalislical comparison of
Ihe dala was Ihen performed to determine whelher survival and growlh or reproductive success of
Ihe organisms differed significanlly belween sample and control groups.

Fathead minnows were divided into three groups and maintained for 7 days in (1) surface
waler collected from ST1, (2) surface waler collected from ST6, or (3) laboratory conlrol waler.
Resulls of Ihe falhead minnow test, summarized in Table 7-62, showed no significant difference in
survival or growlh belween Ihe test and control groups.

In the C. dubia tesl, organisms were maintained for 7 days in surface water from ST1, surface
water from ST6, or laboratory control water. The results of the C. dubia tests, also summarized in
Table 7-62, showed no effect on survival but significantly decreased reproduction in both ST1 and
ST6 surface water samples relative lo Ihe laboratory conlrol.

In addition to the tests using surface water, a C. dubia lesl also was performed in which
organisms were exposed to sedimenl elulriale o.blained from eilher ST1, ST6, ST4, or a laboratory
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TABLE 7-61

COMPARISON OF SEDIMENT CONCENTRATIONS WITH
AQUATIC LIFE TOXICITY VALUES (a)

Exposure Point Aquatic Life
Concentration Toxicity Value

Chemical (mg/kg) (mg/kg) (b)

Organics:
Bis(2-ethylhexyl)phthalate 0.35 60
Tetrachloroethene 0.008 >22

Inorganics:
Nickel 9.2 >140

(a) Chemicals of concern which are not presented due to lack of
toxicity data are: acetone, benzoic acid, calcium, 1,2-dichloro-
ethene, methyl ethyl ketone, sodium, and trichloroethene.
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TABLE 7-62

RESULTS OF AQUATIC TOXICITY TESTS

(7-Day Fathead Minnow Larval Survival and Growth Test and
7-day Ceriodaphnia dubia Reproductive Toxicity Test)

Fathead Minnow Toxicity Test (a)

Surface Water

LOCATION:

PH:
% SURVIVAL:
% GROWTH:

ST-1

7.5
87.5
80.7

ST-6 LABORATORY
CONTROL

7.2
92.5
82.8

8.2
87.5
79.5

Ceriodaphnia dubia Toxicity Tests

Surface Water

LOCATION:

pH:
% SURVIVAL:
MEAN # OFFSPRING:

LOCATION:

pH:
% SURVIVAL:
MEAN # OFFSPRING:

ST-1

7.5
90
9.9 *

Sediment

ST-1

7.5
40 *
6.2 *

LABORATORY
ST-6 CONTROL

7loo
8.2 *

Elutriate

ST-6

5.9
70
1.9'*

8.1
100
17.9

FIELD
CONTROL
(ST-4)

4.4
0 *
0 *

LABORATORY
CONTROL

8.1
100
17.9

(a) Fathead minnow test was not performed for sediment elutriate.
* = Significantly below laboratory control results.
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conlrol. Tests using sedimenUelulriate showed significanlly decreased survival and reproduction in
C. dubia in all Ihree elulriale samples when compared wilh Ihe laboratory conlrol. In Ihese lesls, Ihe
pH values of Ihe sample elulriale al bolh ST4 and ST6 were unusually low (4.4 and 5.9, respectively).
Il is probable lhal Ihe low pH conlributed to the negative results for these two samples; however,
negative results were also observed in the ST1 sample, which had a pH of 7.5.

The overall results from the toxicity tesl indicate lhal effecls to aquatic populations may be
occurring in surface waler near Ihe site because of direct discharge of ground water to the tributaries.

7.6.4.2 Risk to Amphibians

A comparison of amphibian critical toxicity values (available only for aluminum and copper)
and surface water exposure point concentrations (averaged from ST5, 6, and 7) is presented in
Table 7-63. The exposure point concentration for copper is lower than the toxicity value, but the
exposure point concentration for aluminum exceeds the toxicity value. In addition, a sediment critical
toxicity value of 150 mg/kg was derived for DEHP. The arithmetic mean concentration for DEHP
is 0.3 mg/kg. Since this concentration is well below the critical toxicity value of 150 mg/kg, potential
adverse impacts to amphibians probably should not be attributed lo Ihe presence of DEHP in
sediment. Because the aluminum concentration in water exceeds the critical toxicity value, the
potential exists for adverse impacts to embryo-larval stages of amphibians, including the state
endangered eastern tiger salamander, due to the current surface water conditions near the Arrowhead
Plating site.

7.7 SUMMARY AND CONCLUSIONS

The risk assessment conducted for the Arrowhead Plating site is a baseline assessmenl lhal
addresses potential hazards to human health and the environment posed by contamination in the site
study areas in the absence of any further remedial actions. The purpose of a baseline assessment is
to, provide information to aid in the determination of whether remedial actions should be undertaken.

The main components and results of the human health assessment are summarized below in
Sections 7.7.1 through 7.7.3. The conclusions of the environmental assessment are summarized in
Section 7.7.4.

7.7.1 Chemicals of Potential Concern

Based on an evaluation of Ihe RI sampling resulls, chemicals of potential concern (chemicals
lo be evaluated in the risk assessment) were identified. Chemicals of potential concern included
several VOCs and a number of inorganic chemicals, and were identified in surface and subsurface soil,
ground water, surface water, and sediment. Ground water contained the grealesl number of
chemicals of potential concern. As previously noted, Ihis assessmenl did nol include Ihe additional
1991 dala.

7.7.2 Human Exposure Pathways

Potential human exposure palhways were selected for evaluation under bolh current and future
land-use conditions. The exposure pathways which were evaluated quantilalively are:
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TABLE 7-63

COMPARISON OF SURFACE WATER CONCENTRATIONS WITH
AMPHIBIAN CRITICAL TOXICITY VALUES

(Concentrations in ug/l)

Exposure Point Amphibian
Concentration Critical

Chemical (ug/l) (a) Toxicity Value

Organics:
Bis(2-ethylhexyl)phthalate ND (10-18) NA
1,2-DichIoroethene (total) ND (5) NA
Tetrachloroethene ND (5) NA
Trichloroethene ND (5) NA

Inorganics:

Aluminum 516 114
Calcium 4,630 NA
Copper 3.2 38
Cyanide ND(10) NA
Iron 3,160 NA
Potassium 3,030 NA,
Sodium 9,420 NA

(a) Each concentration is the arithmetic mean of concentrations measured
in ST-5, -6, and -7 during the 2 sampling rounds.

ND = Not detected. Detection limits in parentheses.
NA = Not available.
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• Ground water——ingestion by future residents;

• Air——inhalation of chemicals thai volatilize from surface soil to ambient air by
current workers and by future residents;

• Soil——incidental ingestion and dermal contact with chemicals in surface soil by
future residents;

• Surface water and Sediment——dermal contact with chemicals in surface waler and
sediment by playing children.

Exposure scenarios for each of the potenlial exposure palhways shown above were developed,
and concenlralions of chemicals to which populations mighl be exposed (exposure poinl concenlra-
lions) were determined. No ambienl air samples were collected as part of ihe RI sampling; Iherefore,
for ihe inhalation palhways, air concenlralions al Ihe exposure poinls were estimated based on
measured surface soil concenlralions. For Ihe olher exposure palhways quanlilalively evaluated,
exposure poinl concentralions were assumed to be ihe concenlralions detected during 1990 RI
sampling of various media. In Ihe absence of olher information, concenlralions in Ihe exposure
medium were assumed lo remain conslanl over Ihe duration of exposure.

7.73 Risk Characterization

The calculation of risk for ihe exposure pathways selected to be assessed quantilalively
involves estimating inlakes by potentially exposed populations based on Ihe assumed exposure
scenario. These inlakes are Ihen combined wilh reference doses (RfDs, defined as acceplable daily
doses for noncarcinogens) or slope factors (for potential carcinogens) to derive estimates of
noncarcinogenic hazard or excess lifetime cancer risks of Ihe potentially exposed populations.

Based on recenl EPA guidance on risk assessmenl (EPA 1989a), intakes were quantified by
estimating the RME associated with the pathway of concern. The RME is intended to represent a
possible upper bound exposure to a typical individual and is combined with upper bound toxicity
criteria to estimate risks.

Based on the exposure and risk analyses presented in the previous sections, the conclusions
of the quantilalive risk assessmenl are as follows:

• Ground water—For potential future residents ingesting ground water from the
Arrowhead Plating site, the lifetime upper bound excess cancer risk is 8xlO"2. This
risk is allribulable primarily lo 1,1-dichIoroethene, lelrachloroelhene, and
trichloroethene. This risk exceeds the target risk range of 10"6 to 10"4 at
Superfund sites (EPA 1990b). The hazard index exceeds one due primarily to the
liver toxicants 1,1-dichloroethene, lelrachloroelhene, 1,1,1-lrichloroelhane, and
Irichloroelhene.

• Air—For workers in the manufacturing building, the cancer risk is IxlO"7. For
future residents, the upper bound excess lifetime cancer risks range from 4xlO"9
to IxlO"7. The hazard indices for air exposures to both workers and future
residents do not exceed one in any case.
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• Surface Soil——For potential fulure residenls exposed lo chemicals in surface soil,
Ihe upper bound excess lifetime cancer risk from bolh incidenlal ingestion and
dermal contact ranges from 1x10 to 2x10. The hazard indices are all less than
one.

• Surface water and Sediment——For children wading in surface water, the upper
bound excess lifetime cancer risk associated with dermal contact with surface water
and sediment is 8xlO"9. The hazard index is less than one.

7.7.4 Environmental Assessment

The steps in an environmental assessment are similar to thosie for human health risk
assessment. In this assessment, environmental receptors were first identified. Two species of special
concern, the federal endangered bald eagle, and the state endangered eastern tiger salamander, were
identified as potenlial receptors near the site. Indicator species or species groups were then selected
based primarily on the potential for significant exposure. The potential for exposure of most
terreslrial animals is considered minimal because the chemicals present at the Arrowhead Plating site
show little potential to bioaccumulate. This is particularly important for top predators such as the
endangered bald eagle. Two species or species groups with the highest potential for significant
exposure are aquatic life as a group and the state endangered eastern tiger salamander. These were
selected as indicator species at the Arrowhead Plating site.

Potenlial exposure pathways for Ihe indicator species were evaluated to determine the
likelihood of negative effects from site-related chemicals. Exposure pathways selected for
quantification for aquatic life included direct contacl wilh surface waler and sediment. The state
endangered eastern tiger salamander is terreslrial in adull form, bul it deposits eggs into surface water
where they hatch into aquatic larvae. These larvae are considered more sensitive than adults to
chemicals in surface water. Therefore, the exposure pathways selected for quantification for the
salamander were direcl conlacl of Ihe aqualic embryo-larval slage wilh surface waler and sedimenl.
Differenl exposure poinl concenlrations were calculated for Ihe salamander because potential
breeding habilal exisls only al ST5, 6, and 7.

Because AWQCs were exceeded for several inorganic chemicals, it is possible thai aqualic life
in surface waler near Ihe Arrowhead Plaling sile may experience negative impacls from Ihe presence
of Ihese chemicals in surface waler. Furlhermore, based on concenlrations relative lo available
amphibian toxicity values, it is possible thai immalure life slages of some amphibians could be
adversely impacted by chemicals in surface waler. The one available sedimenl toxicity value for
amphibians (for bis[2-ethylhexyl]phthalate) was not exceeded by the exposure point concentration.
Because the background concentrations for some of the inorganic chemicals also exceed toxicity
values, adverse impacts to amphibians and aquatic life could be a more widespread problem.

7.7.5 Summary of Findings Based on 1991 Data

From the review of the additional data, it was concluded thai impacls on Ihe risk assessmenl
were as follows:
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Current Site Use.

• From a human health risk perspective, no receptors exist. Therefore, the
additional data do not have an impact on human heallh risks under currenl site use
conditions;

• From an environmental risk perspective, the results of the risk assessment are not
impacted further by the new tributary data because the presence of VOCs is
limited in extent and does not persist in downstream locations;

Future Site Use.

• Estimaled risks for surface and subsurface soils were nol impacled by Ihe additional
data because (1) surface soil data were within the range of the detected concentra-
tions used in the risk assessment, and (2) no significant pathway for exposure to
subsurface soil was identified;

• The quantilalive risk estimate for Ihe ingeslion of ground waler was calculated
herein lo be fairly high. Inclusion of Ihe additional dala would increase Ihis risk
estimate. Given lhal ihe potential risks associaled wilh Ihe groundwater palhway
were already found lo be unacceplable, inclusion of Ihe additional dala from Ihe
quantilalive analysis would nol impacl Ihe overall resull of Ihe RI, namely, Ihe
need for groundwater remediation; and

• The additional dala indicated ihe presence of VOCs in Ihe surface waler and
sediments of ihe midfork and soulh fork tributaries of Scates Branch. Because
these VOCs do not significantly persist downstream in these tributaries, adverse
impacts on the estimated risks would be minimal.

In conclusion, although the additional data have some impacl on the quantilalive risk estimate
(as indicated above and as further discussed in Appendix K), Ihese dala do nol significanlly impacl
Ihe conclusions of Ihe Baseline Risk Assessmenl presented in Ihis section.
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8. SUMMARY OF REMEDIAL INVESTIGATION

The RI al Ihe Arrowhead Plating sile has identified source areas, defined Ihe nalure and
extent of contamination, assessed the rate and mechanisms of migration, and evaluated the potential
threat to human health and the environment. As described in Section 3, the field investigation
activities conducted to meet these objectives included completion of soil borings with soil sampling,
installation and sampling of monitoring wells, surface soil sampling, surface water and sediment
sampling, and aquifer testing. A summary of the hydrogeologic data was presented in Section 4 of
this report, and analytical data were provided in Section 5. The overall assessment of contamination
was described in Section 6, and Section 1 presented the risk assessment. Therefore, the purpose of
this section is to briefly summarize the conclusions, describe the identified dala limitations and
suggested future work, and provide a preliminary discussion of remedial actions.

8.1 SUMMARY OF FINDINGS

Past site operations have resulted in VOC contamination in ground water as well as the limited
presence of elevated concentralions of cyanide and selected inorganic compounds in soils and ground
water beneath the Arrowhead site. Based on the available information, current activities at the
facility and surrounding properties do nol appear to be contributing to the observed contamination
problems. With one possible exception (soils beneath the solvent tank, which presumably conlain
VOCs), ongoing conlaminanl sources were nol identified during Ihis RI. This situation is the result
of the Immediate Removal Action, which appears to have been successful in removing the primary
sources of contamination.

Based on the current land use, at and around the Arrowhead site, and the identified nature
and extenl of VOCs and inorganic compounds, no significanl risks to human health or the
environment were found lo exist at this time. However, because the VOC contamination is expected
to remain in the environment for several decades, the potential risks to human health could increase
if land use changed in the future. For example, under a worsl-case scenario, if a person were to use
Ihe conlaminaled shallow aquifer for drinking waler for a long period of time, the increased cancer
risk would be very high. Therefore, it appears thai some type of remediation of VOCs in ground
water is necessary.

8.2 DATA LIMITATIONS

Substantial amounts of data have been collected during this RI. The work included completion
of all of the tasks proposed in the Work Plan, as well as additional off-site data collection at the
request of VADWM and the U.S. EPA. The primary objectives of the RI have been achieved and
sufficienl dala have been collected lo complete the FS. However, additional information may be
needed to complete the remedial design phase following the FS. The additional information lhat will
be needed will depend on the selected remedial alternative. For example, in the event that a
groundwater extraction and trealmenl system is part of the selected remedial alternative, more
detailed knowledge of aquifer flow conditions will be needed. Such data would be gathered from a
pump test at the site, and the information would be used lo locale and design exlraclion wells.
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83 OVERVIEW OF FEASIBILITY STUDY

The primary purpose of Ihe forlhcoming FS will be lo fully develop and evaluate remedial
alternatives for the Arrowhead Plating sile using delailed criteria. Based on the data presented
herein, the focus of the FS for the Arrowhead Plating site is expected to be the remediation of
volatile organic compound contamination in ground water and the potentially contaminated soils
beneath the solvent storage tank.

The FS process will be conducted in accordance with EPA guidance documents and as such
will begin by specifying remedial action objectives and identifying general response actions. For each
media, Applicable or Relevant and Appropriate Requirements (ARARs) will be identified.
Applicable remedial technologies will then be identified and screened in order to develop remedial
alternatives. Typically, Ihese alternatives will consist of combinations of more lhan one response
action and technology. The FS process will conclude wilh a detailed comparative analysis of the
remedial alternatives.

to
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MONITORING WELL PURGING FORM

WELL NO. fj(\ri*\
WELL/SITE DESCRIPTION: firT̂ C ~4"̂ j£ }

DATE: Zj$fa\ TIME: £ 1 i-ĵ -Pm

^j,. ^ ^

WEATHER AIR TEMP:

WELL DEPTH 3 \ . 5"g FT (TOP OF PVC)

WATER DEPTH I1?. 32, FT (TOP OF PVC)
WATER COLUMN HEIGHT \2 ](* FT
EQUIVALENT VOLUME OF STANDING WATER |.-?S (GAL)

VOLUME OF BAILER £.77 (GAL) t* fil
TOTAL NO. OF BAILERS (3-5 EQUIV.) ^36 ox.
WELL WENT DRY? (Y/N) /Y NO. OF BAILERS /$ or

PVC STICK-UP HT.
CASING HT.
WELL DIAMETER
SANDPACK DIAM.
[V - 7rr2h, 7.48 GAL
PUMP RATE
PUMP TIME
PUMP TIME

FT
FT
IN.
IN.

- 1 eft]
(GPM)
MIN.

VOL. REMOVED /£> (GAL* RECOVERY TIME MIN.
PURGE AGAIN? (Y/N) /A/ TOTAL VOL.

LIME £H TEMP 06
INITIAL T(0) Z'£7 tf̂ S' £3
DURING 5: 02 ^H <u3

REMOVED

*f°?\ COND (UMHO

/f£>
/?O

(GAL)

/CM)

DURING 3.O3T .̂ (yd & idO
FINAL ?'-0̂  H.5"1 4̂  'S6

CHJC ANALYSIS SAMPLE CONTAINER NO. REMARKS

J W9A n^UkKvAfj 2 3LJft
y c/o' j-frw-pW- i

(FILTERED /PRESERVICED . ETC . )

tfC i O(*<«.<2'x/<?C

/J&fiM 1 k (
A/A& "J 7 /

-; l-A-y<?^?MxJO, ̂

(*v -K< \a(

c. V>

ScrwOJ?

TOTAL NUMBER OF CONTAINERS FOR SAMPLE ST"

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES *
WEATHER/TEMPERATURE SAMPLER

SIGNATURE
J3t.. l«*-3

3" /.r» «r̂ 7
C-5 f' />*" C'iS

2>
5*



MONITORING WELL PURGING FORM

WELL NO. IM^ t O Ai

WELL/SITE DESCRIPTION: p̂ p̂ t̂ Û S

DATE : 2? W 3 / TIME : ^ * ? O ?/v\
— L_J±̂  —————— flr

WEATHER AIR TEMP:
' '

WELL DEPTH 3m 7- FT (TOP OF PVC)

WATER DEPTH K.&<f FT (TOP OF PVC)
WATER COLUMN HEIGHT f:T,£* FT
EQUIVALENT VOLUME OF STANDING WATER Z Si.
VOLUME OF BAILER 0-Z^f- (GAL) ft
TOTAL NO. OF BAILERS (3-5 EQUIV.) ~1!T
WELL WENT DRY? (Y/N) fj NO. OF BAILERS u~3<

PVC STICK-UP HT. FT

CASING HT. FT
WELL DIAMETER IN.
SANDPACK DIAM. IN.

(GAL)[V - 7rr2h, 7.48 GAL - 1 eft]
21 PUMP RATE (GPM)
fiT PUMP TIME MIN.

a* or PUMP TIME
VOL. REMOVED f (GAL) RECOVERY TIME MIN.
PURGE AGAIN? (Y/N) X^ TOTAL VOL. REMOVED (GAL)

TIME pH TJ
INITIAL T(0) 5 39 4-6H
DURING 'S'-H'L V 71?.

SMP J&rf'°?\ COND (UMHO/CM1
( t " oi£ .st J-<?
4i otf-s.cc.l-e

DURING ?'Hi' L,.&? ^ i ^-SC--I<~-

FINAL l:Si #.«$ i! &y~*̂ \-2* Â"- ^̂ ^̂ F
CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS (FILTERED/PRESERVICED. ETC.)
/

/ — { ^

y r̂vfef iVkfs i \ <
x/ r.M̂ -̂ Ĵ J "^ (

1 r~> 1
2 ^MTDp^ i-rC.' pr<*S€.Y"\/t*C/ in \̂ f\c.{

_____ A?uow ' / H f,.̂
t I iLCAX^ I \HAjoi N) ̂  xi ;/rt/4e,^<?^

^ 5 J ̂. j

TOTAL NUMBER OF CONTAINERS FOR SAMPLE S

DESCRIPTION OF SAMPLE

SAMPLE COLOR ODOR
HIGH CONCENTRATIONS EXPECTED?

CONDITIONS

HNU READING
HIGH HAZARD?

UNUSUAL FEATURES
WEATHER/TEMPERATURE

SIGNATURE

T̂ vv y" t̂ î . . (,f(t) ' W- '" f ~//'~'r
C-5

SAMPLER

ilB«:.,|-e-<-5 ^̂ 0

Itbî rtV. A.;e.̂ f̂f v/.. ,u.~t.̂ <r>̂ -̂si ii . — '^ — /3' /.r* cv^?-
5"' Â "' C»*f
'̂« r.̂  ̂ 2" A f



MONITORING WELL PURGING FORM

WELL NO. |\\UJ \\

WELL/SITE pESrHTPTTON: |9\/rtvA«x*j "ptâ r
DATE: 2T/£/3l TIME: (fj -' lO WEATHER AIR TEMP:

WELL DEPTH 27-.H FT (TOP OF PVC)

WATER DEPTH ! 1 ;?q FT (TOP OF PVC)
WATER COLUMN HEIGHT 1 5 . ̂ C, FT
EQUIVALENT VOLUME OF STANDING WATER
VOLUME OF BAILER 0,2? (GAL) ft
TOTAL NO. OF BAILERS (3-5 EQUIV.) ̂
WELL WENT DRY? (Y/N) fj NO. OF BAII

VOL. REMOVED )£, (GAL)
PURGE AGAIN? (Y/N) jj

PVC STICK-UP HT. FT
CASING HT. FT
WELL DIAMETER IN.
SANDPACK DIAM. IN.

%.<& (GAL)fV - jtT2h. 7.48 GAL - 1 eft]
QJL PUMP RATE (GPM)

2£> or PUMP TIME MIN.
-ERS HO fiT PUMP TIME

RECOVERY TIME MIN.
TOTAL VOL. REMOVED (GAL)

TIME Efl
INITIAL T(0) >0: fS S~.Zq

TEMP C&fer} COND (UMHp/CM)
5"^ ' <H O

DURING fO'-rf .SM̂ ~ <?~3- &£>£>
DURING 1C) -Zt- £"".'2, 5̂ ?- J?3O
FINAL I0:2(s £~-\(o <T3- 0̂ C>

CHK ANALYSIS SAMPLE CONTAINER?

y V£A M&n\i ciciSw .C.(A <•y - r-waa • > y**f * "
/ ÂD" \-\]4sf poL
y -T/yJiaJ <̂rkK 1 /
y £i /-4w<ftyv -W -xl

10. REMARKS ( FILTERED /PRESERVICED. ETC.)
. /\ n 1 >]

- ?&**•-> \ ffo«\( . I4£l pr^waWf^-h* /•>
i JUs&Lt o«s?/v»*kO kf fe|r>
i A4XJ6̂  r / / /
/ J W -U 'X̂ rJ

TOTAL NUMBER OF CONTAINERS FOR SAMPLE S~

DESCRIPTION OF

SAMPLE COLOR ODOR
HIGH CONCENTRATIONS EXPECTED?

SAMPLE CONDITIONS •

HNU READING
HIGH HAZARD?

UNUSUAL FEATURES
WEATHER/TEMPERATURE SAMPLER

SIGNATURE
"/™J""~ĵT. :<£•*•£ 3»«-i*<-3

^ ' I«̂ T»V. <i.*ir±ir ./...* w..̂ '̂)
*!"/ Jr A3" Ẑ̂
C-5 <T' /^" C.W

•3' .B" ftf ̂016^7
•7* -,« «'



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DES
DATE: Z/&J

&U/JV2-
CRIPTION: /̂ Y7D>̂ -< — ' ̂tĉ *̂ -̂  |̂
4i TIME: <?: & WEATHER AIR TEMP: ™

WELL DEPTH 2

WATER DEPTH
WATER COLUMN

\.q\ FT (TOP OF PVC) PVC STICK-UP HT. FT
CASING HT. FT

1. \S~ FT (TOP OF PVC) WELL DIAMETER IN.
HEIGHT !M.'?C» FT SANDPACK DIAM. IN.

EQUIVALENT VOLUME OF STANDING WATER ,2.34 (GAL) [V - ?rr2h, 7.48 GAL - L eft]
VOLUME OF BAILER O.27 (GAL) ft 21. PUMP RATE (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) ^5O fir PUMP TIME MIN.
WELL WENT DRY? (Y/N) /J NO. OF BAILERS 38 fiT PUMP TIME
VOL. REMOVED
PURGE AGAIN?

INITIAL T(0)
DURING
DURING
FINAL

CHK ANALYSIS

y N/oAy CAJ-
/ £U«tt0

SAMPLE COLOR

9,.$" (GAL) RECOVERY TIME MIN.
(Y/N) /J TOTAL VOL. REMOVED (GAL)

TIME pH TSK? J#Kf̂ } CONP (UM̂ Q/CH)
f/^s~ s.23 *;(* "30
y«-ii f.\1 <£>• /2.oo
:̂S"o :̂/WL 5̂ , /£>8 o

3 - £% S"- /? 3e '£}-?'£>f.'5"̂  ?. /*. 5̂  robG ^Ĥ
SAMPLE CONTAINERNO. REMARKS (FILTERED/PRESERVICED. ETC .^1

f̂o rv7\ aiCiS\J«<i'̂  2. ^ Jtf635 /-î l/ OrSŜ K'vWi' <Vl -HW/-y

/-/UTr ool^ 1 A_k6W- bw Ick
)Vkli I 1 I A/XJS, f _
^ -J -J / si " -J J J;4,7̂ Ĵj
TOTAL NUMBER OF CONTAINERS FOR SAMPLE --S"

DESCRIPTION OF SAMPLE CONDITIONS

ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPIMATURE SAMPLER

SIGNATURE

"*> • !£.£.

C-5



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DESCRIPTION: ft (Hf0 </4vfc~& PL.-ffly______
DATE: ^c. TIME: ft'.fOCL»-s-. WEATHERAIR TEMP:

WELL DEPTH \ c, >o FT (TOP OF PVC) PVC STICK-UP HT. ______ FT

CASING HT. '_______ FT
WATER DEPTH -3,£k FT (TOP OF PVC) WELL DIAMETER _______ IN.
WATER COLUMN HEIGHT \2,<2<-i FT SANDPACK DIAM. _______ IN.
EQUIVALENT VOLUME OF STANDING WATER 1.̂ 4 (GAL) fV - wr2h, 7.48 GAL - 1 eft]

VOLUME OF BAILER 6.2? (GAL) ft 21 PUMP RATE ________ (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) ~ 2^ 2£ PUMP TIME ________ MIN.
WELL WENT DRY? (Y/N) fj NO. OF BAILERS £,£) ar PUMP TIME ________
VOL. REMOVED )fT (GAL) RECOVERY TIME _____ MIN.
PURGE AGAIN? (Y/N) /J TOTAL VOL. REMOVED ________ (GAL)

TIME EH TEMP tfti *£ COND (UMHO/CM^
INITIAL T(0) g^J-U f̂.Z? SO
DURING &:i1 M.MI > 3C>C>
.DURING g- 22.
yori^C- 8'2̂  '

&30

CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS (FILTERED/PRESERVICED. ETC.)

yy-î ( pi i 'i 7V r,q̂ jui H J (
TOTAL NUMBER OF CONTAINERS FOR SAMPLE

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR- __________ ODOR __________ HNU READING __
HIGH CONCENTRATIONS EXPECTED? _______________ HIGH HAZARD?
UNUSUAL FEATURES_______________________________________________
WEATHER/TEMPERATURE________________;________SAMPLER,

SIGNATURE
Sr«- !*<-3

l«̂ -jĵ - Aitlt-lM*- U.- IX->«; f̂ V*1 /V>'S '

^ 1" /.5" ft.2?-
C-5 4-'' /'*"*. ff-^

3'
-• ' "C- -, :' 5V »*»*%'



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DESCRIPTION:
DATE: 3j3/ TIME: \\-\5 WEATHER AIR TEMP:

WELL DEPTH 36. '"7 FT (TOP OF PVC) PVC STICK-UP HT. /• ? FT
CASING HT. /• 9 FT

WATER DEPTH /%--3 FT (TOP OF PVC) WELL DIAMETER 3 IN.
WATER COLUMN HEIGHT 1% -^ FT SANDPACK DIAM. J" IN.
EQUIVALENT VOLUME OF STANDING WATER oZ . 7 (GAL) fV - *r2h, 7.48 GAL - 1 eft]
VOLUME OF BAILER '/f (GAL) ft 2i PUMP RATE ________ (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) T^ 21 PUMP TIME ________ MIN.
WELL WENT DRY? (Y/N) A/ NO. OF BAILERS ___ 21 PUMP TIME ________
VOL. REMOVED ft?- SO (GAL) RECOVERY TIME ____ MIN.
PURGE AGAIN? (Y/N) _________ TOTAL VOL. REMOVED 10 s£> (GAL)

HUE B_t TEMP CO COND CUMHO/CM-)
INITIAL T(O) /raa, 5 05 ^70
DURING ii >Z7 .̂aa ̂ 7.6
DURING / / : 3 / - % / 5" 6 .8 ^ I/O
FINAL //

-. o y
CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS (FILTERED/PRESERVICED. ET

TOTAL NUMBER OF CONTAINERS FOR SAMPLE

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR Ĉ t**̂  ODOR /n̂ Ô t̂. HNU READING
HIGH CONCBrTRATIONS EXPECTED? A/O _______ HIGH HAZARD? A/O
UNUSUAL FEATURES
WEATHER/TEMPERATURE 9-?̂  '. - u O t <jô -< SAMPLER

SIGNATURE

,
C-5 I/ O«f

AH30I650



MONITORING WELL PURGING- FORM

WELL NO.
WELL/SITE DESCRIPTION:
DATE: ^fatfW TIME:

WELL DEPTH £7. ~- FT (TOP OF PVC) PVC STICK-UP HT. £.Q' FT
CASING HT. oE- ~7 ' FT

WATER DEPTH ft- ̂  FT (TOP OF PVC) WELL DIAMETER 3 IN.
WATER COLUMN HEIGHT %• & FT SANDPACK DIAM. f IN.
EQUIVALENT VOLUME OF STANDING WATER /--3 (GAL) fV - wr2h, 7.48 GAL - 1 eft]
VOLUME OF BAILER Y+ (GAL) tt at PUMP RATE ________ (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) / " oj_ PUMP TIME ________ MIN.
WELL WENT DRY? (Y/N) N NO. OF BAILERS ___ 21 PUMP TIME ________
VOL. REMOVED f .3T (GAL) RECOVERY TIME ____ MIN.
PURGE AGAIN? (Y/N) _________ TOTAL VOL. REMOVED J"- ,T (GAL)

TIME EH TEMP (C) COND CUMHO/CM)
INITIAL T(0) U^?> <̂ 3S ^ g BO
DURING /̂ -̂  ̂ S? 5*5- g fra
DURING /a:/^ ».g? Qf. 3 83
FINAL /a--'5"
CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS (FILTERED/PRESERVICED. ETC.)

A; i-j&fa>LjU
, *

v n£C./u.uffy metTfaS: hJbJjtSi At*£t '

TOTAL NUMBER OF CONTAINERS FOR SAMPLE

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR >̂- —— Ĉ g- ODOR /̂ t̂J-̂ L̂. HNU READING
HIGH CO»C»IBATIONS EXPECTED? AjQ _________ HIGH HAZARD?
UNUSUAL FEATURES /tfc?A/,f ______________________________
WEATHER/TEMPERATURE .$*-> ° . C&&*-*-****-, ____________ SAMPLER

SIGNATURE



MONITORING WELL PURGING FORM

WELL NO. //6C)^3 ^_
WELL/SITE DESCRIPTION: fto*s***Jt*&
DATE : Q, /£) fa 1 TIME : ^ ' & WEATHER AIR TEMP: S"c?°

™"~̂ T̂™ ^ ™~™~™~ —™™

WELL DEPTH 3̂ "3 FT (TOP OF PVC)

WATER DEPTH cM . 3 FT (TOP OF PVC)
WATER COLUMN HEIGHT 13 -0 FT
EQUIVALENT VOLUME OF STANDING WATER 5. <
VOLUME OF BAILER '/f (GAL) ft
TOTAL NO. OF BAILERS (3-5 EQUIV.) 3O
WELL WENT DRY? (Y/N) f\J NO. OF BAILERS

PVC STICK-UP HT. /. fe FT
CASING HT. <£ 6 FT
WELL DIAMETER o( IN.
SANDPACK DIAM. Y" IN-

/ (GAL) [V - *r2h, 7.48 GAL - 1 eft]
SI. PUMP RATE (GPM)
fit PUMP TIME MIN.
fir PUMP TIME

VOL. REMOVED "^-S (GAL) RECOVERY TIME MIN.
PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED *7 5" (GAL)

TIME j__
INITIAL T(0) 8;5tf- •̂̂ '9
DURING S'5£ 6'O<̂
DURING ?'•££ 5,3S

FINAL V««!?<r V.aa

TEMP (gy= COND CUMHO/CM}
S-3.1 l*+9o
SS1./ /7/O
.rs*. ̂ /^/o
cff. Q '/990 ^

^
CHK ANALYSIS SAMPLJ CONTAINER NO. REMARKS (FILTERED/PRESERVICED ETC )

HCf. / . ^ .

1̂ T(7rÂ êr̂ s N-ê tÂ l2; ' M̂?<?
0̂/SŜ 6̂ ^̂ )C/>5CS / •** Ĵ -̂ &̂ \ '_&-&-&( rT/V» 5 ->rf..̂ _«̂ vt ̂LJL̂ OL

TOTAL NUMBER OF CONTAINERS FOR SAMPLE 5"

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR (£Axx~-Q_a, ODOR /Vxxj-wv,L HNU READING Q • ° f¥ ̂
HIGH CONCENTRATIONS EXPECTED? A/O HIGH HAZARD? M 0

UNUSUAL FEATURES NoW=
WEATHER/TEMPERATURE S(?°N SoOOcu

J
SAMPLER /°9̂  / 3?<0

SIGNATURE [\f}£~, ̂YV̂ £̂̂ _ *m

/3-0



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DESCRIPTION:
DATE: %/ai/?J TIME: 9̂ 5 WEATHiER AIR TEMP: Jf5°

WELL DEPTH 33-S FT (TOP OF PVC) PVC STICK-UP HT. /. 5" FT

CASING HT. __________ FT
WATER DEPTH \%.O FT (TOP OF PVC) WELL DIAMETER ^ IN.
WATER COLUMN HEIGHT < 5\ % FT _ SANDPACK DIAM. fr IN.
EQUIVALENT VOLUME OF STANDING WATER _£________(GAL) (V - :rr2h, 7.48 GAL - 1 eft]
VOLUME OF BAILER '/4 (GAL) « 21 PUMP RATE ______ (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) 3^=> ___ PUMP TIME ________ MIN.
WELL WENT DRY? (Y/N) A/ NO. OF BAILERS ___ _£ PUMP TIME ________
VOL. REMOVED .7O (GAL) RECOVERY TIME ____ MIN.
PURGE AGAIN? (Y/N) ______ TOTAL VOL. REMOVED g, 7 _T (GAL)

TIME fifl _ TEMP fjg)/̂  COND (UMHQ/CM)
INITIAL T(0) 9-3Q 5-V- St.t IOO3
DURING 9? 1ST 5
DURING 9-37 5-^0 S^fe ___
FINAL I-S

CHK ANALYSIS 9SAMPLE CONTAJNJR*NO. REMA&KS (FILTEKED/PRKJRVICED. ETC.1)

__

TOTAL NUMBER OF CONTAINERS FOR SAMPLE •![

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR g^ixtv~t- ODOR X>v<»-'̂ i2- HNU READING
HIGH CONC1NTRATIONS EXPECTED? A/O _________ HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPERATURE Ŝ°. fi-evj cj&*~cLy SAMPLER

SIGNATURE

* '-r
A-R-301653. • f



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DESCRIPTION:
DATE: 2,/:u/Q/ TIME:W lO'iQ WEATHER AIR TEMP:

WELL DEPTH 3"7- O FT (TOP OF PVC) PVC STICK-UP HT. ^.f FT
CASING HT. ^ 9 FT

WATER DEPTH ̂ cZ.% FT (TOP OF PVC) WELL DIAMETER 5( IN.
WATER COLUMN HEIGHT /fr. £_ FT SANDPACK DIAM. fr IN.
EQUIVALENT VOLUME OF STANDING WATER 3> 3 (GAL) [V - wr2h, 7.48 GAL - 1 eft]
VOLUME OF BAILER - (GAL) .ft at PUMP RATE ________ (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV.) Q ̂  at PUMP TIME ________ MIN.
WELL WENT DRY? (Y/N) ̂  NO. OF BAILERS ___ or PUMP TIME ________
VOL. REMOVED <g.3>T (GAL) RECOVERY TIME ____ MIN.
PURGE AGAIN? (Y/N) _________ TOTAL VOL. REMOVED g • A !T (GAL)

TIME Efi TEMP 6CV COND (UMHO/CM)

INITIAL T(0) 10'tl *f. ̂ j- SS~-
DURING IQ'i5 ^-71 5"5.
DURING /O -/ 7 V". 7t3- S5. '
FINAL 1C

CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS (FILTERED/PRESERVICED. ETC.)

\^ Voc ^.^JLAU^ 3
V

/- ^ /
P-

TOTAL NUMBER OF CONTAINERS FOR SAMPLE

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR &-*>̂ ~*' ODOR Xv̂ C"*-«t HNU READING 0.
HIGH CONCENTRATIONS EXPECTED? A/ 0 __________ HIGH HAZARD? /VQ
UNUSUAL FEATURES * * Vg _______________
WEATHER/TEMPERATURE 4̂ - .\*̂ -*Ĵ t r^^JL^ SAMPLER

'

SIGNATURE

f A«3D 163if'



MONITORING WELL PURGING FORM

WELL NO. //CX_/S£>
WELL/SITE DESCRIPTION: Â yĴ ^̂ L̂ j ̂

DATE: Qy3»//<7f TIME:U § 'CD
fi<SL$-ol ̂ XX̂  .î  tf-̂ ^̂ l̂

WEATHER AIR TEMP: ^0°

WELL DEPTH 38^ FT (TOP OF PVC)

WATER DEPTH <3ti~ O FT (TOP OF PVC)
WATER COLUMN HEIGHT /*f 7 FT
EQUIVALENT VOLUME OF STANDING WATER '<& ' */"
VOLUME OF BAILER /*f (GAL) ft
TOTAL NO. OF BAILERS (3-5 EQUIV.) <3 O
WELL WENT DRY? (Y/N) fN/ NO. OF BAILERS

PVC STICK-UP HT. ^- 3s FT
CASING HT. ^3 FT
WELL DIAMETER <2. IN.
SANDPACK DIAM. ^ IN.

(GAL)[V - jrr2h, 7.48 GAL - 1 eft]
at PUMP RATE (GPM)
at PUMP TIME MIN.
fit PUMP TIME

VOL. REMOVED V (GAL) RECOVERY TIME MIN.
PURGE AGAIN? (Y/N) TOTAL VOL. REMOVED ^ . O (GAL)

Vt?: TIME EH TJMP c&F COND CUMHO/CMI
INITIAL T(0) ,S 9 /J. V". ̂ 5"
DURING <y-'7 £•<?£

*t7'S 3.6O ctew/
S/.7 3?5T

DURING &:Â  S-/6 ST̂ .9 *f"A "-*»
FINAL 9'̂ S" S"-̂ «3 5*̂ .7 f 3 7"

9" -46 S? - ̂ ̂ .a- a . y - a ?
CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS ( FILTERED /PRESERVICED. ETC.)

s7 VOC 6̂)̂ , lass a ;
^ CA/ i-j&&*A*i*t_ i /
"N TGTAt- {h£7Ai~S \ --&£»** /&*̂  ' /

I f Ur

i c6«Jû  ̂ dUt

7oOH

-/A/0̂  ' GlUtee!

TOTAL NUMBER OF CONTAINERS FOR SAMPLE S"

DESCRIPTION OF SAMPLE

SAMPLE COLOR O*̂ *- —— '$*- ODOR />M9*̂ ^
HIGH CONCENTRATIONS EXPECTED? A/O
UNUSUAL FEATURES f)O/>€.
WEATHER/TEMPERATURE Ĉ?*5? S»i7/J.'?cJr

\J

CONDITIONS

2- HNU RI!ADING .̂ O/ŷ t
HIGH HAZARD? -Â O

SAMPIJSR f̂ A/3F<-Ur

SIGNATURE tjt̂ -̂ - QY£*Jj*jP£̂

C-5 OO

3»«. i«u-s
- 7 ' |̂ vj_V. fi;».++*r .̂••̂ •'̂ •<V<(̂S J

t j' /.s" ,̂_:̂
T 4"' Ai"' c,*f
T _J' eg" A /
— - <i :IU»QAtfi^^

-3 - O /L



MONITORING WELL PURGING FORM

WELL NO.
WELL/SITE DESCRIPTION: __ __

DATE: ?f£p\ TIME: fl-

————— _^M1 ————————————————— i

Ae\
i/Tic:>iA>U-*-̂ c'~Pk-f>?Hr ^
5*7 WEATHER AIR TEMP: |̂

WELL DEPTH 3J&3T FT '(TOP OF PVC) PVC STICK-UP HT. • FT

WATER DEPTH 2-Cfâ FT (TOP OF P\
WATER COLUMN HEIGHT J*rT$£ Fl

CASING HT. FT
rC) WELL DIAMETER IN.

I / C A X V SANDPACK DIAM. IN.
EQUIVALENT VOLUME OF STANDING WATER Ĵ f) (GAL) TV - *rr2h. 7.48 GAL - 1 eft]
VOLUME OF- BAILER <D,?7 (GAL) ft -.̂  2t PUMP RATE (GPMf
TOTAL NO. OF BAILERS (3-5 EQUIV.)
WELL WENT DRY? (Y/N) ^ } NO. OF E
VOL. REMOVED t£) ' (GAL)
PURGE AGAIN? (Y/N) AJ

TIME EH
INITIAL T(0) 3! O1 4.£

ft̂ S M) ojj PUMP TIME MIN.
SAILERS iiQ or PUMP TIME

RECOVERY TIME MIN.
TOTAL VOL. REMOVED (GAL)

TEMP j#(°£\ COND (UMHO/CM}
• <^ " ' ?£'£>

DURING <?'»O H. S~S* <"•? 7CZj
DURING ?.'IM */, ££ 5"J Z3£>
FINAL ?//? S',4'^ S-A ^5Q

^
CHK ANALYSIS SAMPLE CONTAIf

y \/OA- Uftmj ̂Icssv̂ />y CAJ" i-/^^i- poic.
J—TZ4+ 1 MMs .1 ( f
/ C//4r«»J J vj \1

ERNO REMARKS (FILTERED/PRESERVICED i?Tr̂ H

i Z 2 Jlraps W<lf prespwa m -Cek/
» AiftW I (at̂  trk
/ AiAJ3 IV >
/ >/ ̂  >J >J -\ ! (-Qttzed

- / N.

TOTAL NUMBER OF CONTAINERS FOR SAMPLE _T"

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPERATURE SAMPLER

SIGNATURE

J' AS" ẐT-
C*5 *•' A*" '̂yi"

I Mt^iiegV



MONITORING WELL PURGING FORM

WELL NO. /4 ft- *-
WELL/SITE DESCRIPTION: __
DATE: ~2ALI3A TIME: M :Cg WEATHER AIR TEMP:

WELL DEPTH Z?.̂ £> FT (TOP OF PVC) PVC STICK-UP HT. ______ FT

CASING HT. __________ FT
WATER DEPTH F4.45 FT (TOP OF PVC) WELL DIAMETER IN.
WATER COLUMN HEIGHT S".y?- FT SAND PACK DIAM. _______ IN.
EQUIVALENT VOLUME OF STANDING WATER £>32 (GAL) fV - :irr2h, 7.48 GAL - 1 eft]
VOLUME OF BAILER Q.'tt (GAL) ft 21 PUMP RATE ________ (GPM)
TOTAL NO. OF BAILERS (3-5 EQUIV. ) >^_j__£__ or PUMP TIME ________ MIN.
WELL WENT DRY? (Y/N) K) NO. OF BAILERS ^^ at PUMP TIME ________
VOL. REMOVED g ,S (GAL) RECOVERY TIME ____ MIN.
PURGE AGAIN? (Y/N) Aj TOTAL VOL. REMOVED _______ (GAL)

TIME EH TEMP L#K°?} COND (UMHO/CM1
INITIAL T(0) |g:c£ "7J7 g? HQ__________
DURING 1-2
DURING \zlfy\-_ ~ 15

Lfcr;'</i<£ —n
CHK ANALYSIS /2SAM̂ LE CONTAINER NO. REMARKS (FILTERED/PREŜ ERVICED. ETC.)

2 Z.A*&& UCJ oce&StizL

±±zt
TOTAL NUMBER OF CONTAINERS FOR SAMPLE <T

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR ODOR HNU READING
HIGH CONCBTTRATIONS EXPECTED? _____________________ HIGH HAZARD?
UNUSUAL FEATURES __________________________
WEATHER/TEMPERATURE______________________.SAMPLER.

SIGNATURE

C-5

5*



MONITORING WELL PURGING FORM

WELL NO. /̂ R-3>
WELL/SITE DESCRIPTION: ŶTf̂ ^̂ J Wtv*l£ŷ  *k

DATE: £/£/<?,/ TIME: |f:62 WEATHER AIR TEMP: ^

WELL DEPTH \&&rf FT (TOP OF PVC) PVC STICK-UP HT. FT
"̂̂ M̂  CASING HT. FT

WATER DEPTH &£& FT (TOP^OE J>VC) WELL DIAMETER IN.
WATER COLUMN HEIGHT \&$ft *̂ FT \.()f) ̂  SAND PACK DIAM. IN.
EQUIVALENT VOLUME OF STANDING WATER Jr€̂ " (GAL) [V -

VOLUME OF BAILER O.27 (GAL) ft ĉ 21 PUMP
TOTAL NO. OF BAILERS (3-5 EQUIV. )-̂ 26̂ l$ QZ PUMP

- WELL WENT DRY? (Y/N) A/ NO. OF BAILERS ZO or PUMP
VOL. REMOVED ^~ (GAL) RECOVERY TIME

wr2h, 7.48 GAL - I eft]
RATE (GPM)
TIME MIN.
TIME

MIN.
PURGE AGAIN? (Y/N) A7 TOTAL VOL. REMOVED (GAL)

HUE yH TEM.P t&fî ?}
INITIAL T(0) Ji:|0 .̂2.?- <:?-•

COND dlMMO/CMI

DURING i r : / <T 4 Z^r ^> STO
_DURING //- '̂  .̂.3S 3̂- S?tf
JSwŜ TXjr.V- .IVlf /"̂  f|"

I- 1 «>.C.\ i II • f £. A 'Sfc 5T S

CHK ANALYSIS SAMPLE CONTAINER NO. REMARKS CFILT

/ 1 / *«^ If I /I 4 f M *i/ To4e ( CY)<«4fi.'5 j f r̂ A_j
y/ T̂ ĵ J >| -sj ( ĵ

TOTAL NUMBER OF CONTAINERS FOR SAMPLE

^n M
ERED/PRESERVICED. ETC^

K̂ !l pfcrŝ Tû o/ »*o -Itf/sl/
1U- 1 L ftk
*, / /')

-1-4-4} (_&><«

DESCRIPTION OF SAMPLE CONDITIONS

SAMPLE COLOR ODOR HNU READING
HIGH CONCENTRATIONS EXPECTED? HIGH HAZARD?
UNUSUAL FEATURES
WEATHER/TEMPERATURE SAMPLER

SIGNATURE

C-5



APPENDIX D

SURFACE WATER AND SEDIMENT SAMPLING
FORMS



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER ~5 I '_____________
DESCRIPTION OF LOCATION: ;Jfatness <*~~js&, A,>_______
DATE: 97/X/yg TIME: /#.£ D WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH tsfr Eh
Temp. 53V5=//~'g D.O.

/" "

Conductivity 4̂ 6? ̂Xs- PID

LABORATORY PARAMETERS:
51 / -

'v'V-r ^ '̂  S'-il//s' N I •* «_ t~- 11>OBSERVATIONS: *3*ole*-s*'(

SEDIMENT

DESCRIPTION:

COLOR \\-\)fi.\Mfî  ̂ Cy*** Q\(̂ . TOTAL DEPTH: _̂ _
PARTICLE SIZE/STRATIGRAPHY _._-

' U •"

FIELD SCREENING MEASUREMENTS:

pH fl'Sr Eh
T«ap. _5I5 °/V/2"<L D.O.

SIGNATURE

C-4

Conductivity *7£> ̂, /̂  PID /C/>t-

LABORATORY PARAMETERS: Î O/y , LyUJ9- \ /Ujv+t~<rSC<s*J : S2s&«̂ . .r>~2-±__ .̂  y__
X» /rlsOt TÂ -e., Va

OBSERVATIONS: ___________________



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER .
DESCRIPTION OF LOCATION:
DATE: /////y0' TIME: /̂  $~/ WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH /M Eh
Temp. <»/̂ //̂ "C D.O. _. V ̂
Conductivity ĝ̂ O --X? PID

LABORATORY PARAMETERS: I//"}/?-'. J-ljZJzĴ  /M̂  «<-<s
,̂ . '̂ ^̂ "̂̂ ^̂ ^̂ ^̂ ^̂

-5 V 2, -•$<,*> IA — ./-'—̂  ŷ

OBSERVATIONS: .̂ Â t̂  L~~+̂ ~ * V
\

SEDIMENT

COLOR fl/TTU/v̂ --?*;/̂ _____ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY /9, S"̂  /T/â û

DESCRIPTION:

FIELD SCREENING MEASUREMENTS:

pH X//7 Eh

SIGNATURE

C-4

T«mp. //J<f /Zl'F D.O. .'Z.b r~+i/£_
Conductivity //p> û _ PID

LABORATORY PARAMETERS: _J/M_1

OBSERVATIONS:



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER T/ _ T
DESCRIPTION OF LOCATION: ,5y?v~/ ̂  J'/,;-u _____________
DATE: V7f/#9 TIME: /-̂ JlT" WEATHER AIR TEMP: 73

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH jj£ Eh

LABORATORY PARAMETERS:

OBSERVATIONS: ,-

Temp. 5%'/r/-'"c D.O. •?.
Conductivity '/Iŝ u-A PID

SEDIMENT

DESCRIPTION:

COLOR //W,V A^^*—________ TOTAL DEPTH:

FIELD SCREENING MEASUREMENTS:

pH X Eh
Temp. _£_!_£/_/<£. D.O.
Conductivity ____e_O_^___/s PID

LABORATORY PARAMETERS:

OBSERVATIONS:

PARTICLE SIZE/STRATIGRAPHY Z"~~C_ S/M& . As7̂ >*. /" ̂ W « -X

SIGNATURE

C-4

M30I662



SURFACE WATER AND SEDIMENT SAMPLE COULECTION FORM

STATION NUMBER
DESCRIPTION OF LOCATION:
DATE: //7/ŷ  TIME: /(_ J3 WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

Eh
Temp. S'K "/- D.O. _ ~?-, V
Conductivity £̂ £c/yt PID A'/4-

"

LABORATORY PARAMETERS: ,<)-', /K£.y.r Jj^t^nJ^t- -.<</*> 72
"̂ ^̂  " -iin_--r-r - ~ nm -._m_if—— — i - - -- -

OBSERVATIONS:

SEDIMENT

COLOR 5"- ^ ^ v ^ / c TOTAL DEPTH:

DESCRIPTION:

PARTICLE SIZE/STRATIGRAPHY /" /)/^X./-A» S/hJ» ĉ t̂  S" " ^ e,̂ -, -~

FIELD SCREENING MEASUREMENTS:

pH /- Eh
Temp. /J D.O. *̂ *", /JL
Conductivity L/O ̂-fs PID

LABORATORY PARAMETERS: ..._.. .._.._ __________________ __,__ __ , , , . .o
OBSERVATIONS:

_P_̂ ^̂ U(fc-» ̂Iff̂ L. n̂ .̂ j,-. ̂ -̂Silt-./̂ ĵ̂ M/'-M̂ -̂-...̂ ^

SIGNATURE

C-4

11301663



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER /̂"S""

DESCRIPTION OF LOCATION:
DATE: yf/ TIME: /-3'5P WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

Eh
Temp. __£Jv^_/-?-'C- D.O.
Conductivity #̂  cs/5 PID

LABORATORY PARAMETERS: (/£>&' /?LAW_/ LzJ f- ̂  <vfr&-. '
~

OBSERVATIONS :

SEDIMENT

DESCRIPTION:

COLOR .̂̂"-7 h££c*J TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY

fTl̂ JL

FIELD SCREENING MEASUREMENTS:

LABORATORY PARAMETERS:

SIGNATURE

C-4

ft830166^



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER
DESCRIPTION OF LOCATION:
DATE: y_ * TIME: 'x?J?D WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH " "3- Eh
Temp. JVC. D.O.
Conductivity _̂ >_£/S PID

.
LABORATORY PARAMETERS: //3 A ; AltUtM, ; i*//̂  ' '7Z5 /A-L.k. '.

, ' f" S ' 'f\̂  4"ĵ  * ^̂ ^̂
ŷ raxẐ -'j'-dJj' t jX*̂ . ̂ i^g IŜ ĉ  fcl-lva.i-i7<>.. ̂. 7

OBSERVATIONS:

SEDIMENT

COLOR ^l/ /T^i <?.̂  TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY _____________

DESCRIPTION:

FIELD SCREENING MEASUREMENTS:

PH
Temp.
Conductivity

LABORATORY PARAMETERS:

OBSERVATIONS :
t

J .

SIGNATURE

C-4

1WS



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER D / -/-
DESCRIPTION OF LOCATION: /Jf/hSr/iS
DATE: y/a TIME: //O& WEATHER AIR TEMP: J?3'C.

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH 6. 33 Eh /(go
Temp. ^v> v- D.O.
Conductivity 3<3 .̂/̂  PID

LABORATORY PARAMETERS : U&A ' t'V-Ote-Cs ( f lk-s*£. *^ lK-̂ -4 ) - C
' * / l"""// J

OBSERVATIONS :
i^« -

SEDIMENT

DESCRIPTION:

COLOR /fel. flfiv̂  /̂-̂ w TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY L L#bf /wn£- r

'

FIELD SCREENING MEASUREMENTS:

pH
Temp.
Conductivity

LABORATORY PARAMETERS: {/PA ' f̂ «-̂ M j ̂.V/O '

OBSERVATIONS:

SIGNATURE

C-4

AR30I&66



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S T 1___________________
DESCRIPTION OF LOCATION: C Lr ̂ r̂̂ -Jr <m»w-k- i ̂.b. MA /v_v»-. "')
DATE: 57y/?O TIME: o'«̂  ' WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:
•-2.G

pH Wtfitffik. Eh -3
Temp. <r?.<0P//V°c- D.0. ^. u
Conductivity ^(e PID ____

LABORATORY PARAMETERS: Ô/t ', ŷ t̂ JL f LJP&td r terCeJ ) ', C/0 - &*Jt \ TS5

OBSERVATIONS :
1 ' .

SEDIMENT

DESCRIPTION:

COLOR _______________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY

pH lo>2S'/U.b& Eh fj
T-mp. 0̂.1°̂  D.O. 0- &
Conductivity /<•/ > PID ___

LABORATORY PARAMETERS: <"%1.̂  \ EyQA '. CO',

OBSERVATIONS:

SIGNATURE

FIELD SCREENING MEASUREMENTS: *»«*-i x,nJ / .sĉ ôc -»-X .

C-4

18301667



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S
DESCRIPTION OF LOCATION: M >r~v̂ -yjafTyx.. . -/ J, t. ̂/,' ̂  , ̂  ̂ J
DATE: C/2-V /lt> TIME: O*l£~ WEATHER AIR TEMP: 9-O°

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH iJLLS- Eh
Temp. SUL-tlEUQ0^ D.O.
Conductivity

LABORATORY PARAMETERS: /Oft \ CAj '. 8O/t '. "TYl̂ JL (iJltL̂ J +1j&)l)' TSS

OBSERVATIONS:

SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH: (a "
PARTICLE SIZE/STRATIGRAPHY <Zb> /fc" &*JL*~̂  Lr**ĵ  4- O î t̂ ft̂ sû L,

FIELD SCREENING MEASUREMENTS:

pH l e . Z . O l Eh
T«ap. Af*C/6Q.J*̂  D.O.
Conductivity )HZ PID

LABORATORY PARAMETERS: ~W2J~*jt, 'i £/J '.

OBSERVATIONS:

SIGNATURE

C-4

iI30ii&8



SURFACE WATER AND SEDIMENT SAMPLE COIJJECTION FORM

STATION NUMBER S T 2.
DESCRIPTION OF LOCATION: *4tiJ- * oJ , ...
DATE: C"^5fc> TIME: /?-l£~ ' WEATHER AIR TEiff:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

PH ?•'?• Eh

LABORATORY PARAMETERS: /T , 'TVjJZJLa /
' ^7SS

OBSERVATIONS:

SEDIMENT

DESCRIPTION:

COLOR __________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY

FIELD SCREENING MEASUREMENTS:

pH k.X?- Eh
T««p. _%__\_C(___i.̂  D.O.
Conductivity Ŝt

LABORATORY PARAMETERS : I/O ft '/ '7?2->C»4> ) C/O ' B/OA

OBSERVATIONS:

SIGNATURE

C-4

Temp. fC?V6.3.*°f D.O. 7.
Conductivity



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S7"1-/
DESCRIPTION OF LOCATION: A--oi>. <-^i .--/

: /̂Z.J/90 TIME: /' L- ? TDATE: Z.0 TIME: / L- ? T WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH S'. V i ' <; Eh
Temp. /L'-L.I i, •;>•• /' D.O.

~ ̂̂ ^̂ ™""̂ *̂— ™ •

Conductivity f !> Z. PID

LABORATORY PARAMETERS: l^'/1' /̂ A-.feuly ( -J~jH. .̂  r ~LS-&̂~̂*m~̂ ~̂ ~̂~~*i~'̂ *~i~~~*~~ »_«-__^_____^

OBSERVATIONS: L <f

SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY ̂jLp fo "

Jt "^ * r rt
-A-

FIELD SCREENING MEASUREMENTS : ^ -̂̂ JL -̂.VA . ±>1L- -.-̂

H G v > Eh
T«np. C- (e . C: c P D-°-
Conductivity ^ ̂  PID

LABORATORY PARAMETERS : ____]_____•_- _______________ C/J '.

OBSERVATIONS:

SIGNATURE

C-4



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER
DESCRIPTION OF LOCATION:
DATE: S - / 3 f g > TIME: '-'̂ -? " WEATHI& AIR TEMP:

*̂ ^̂ "̂"~' ~

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH 4 i _ L _'c Eh
Temp. f£'C//r ?.Ŝ /f D.O.
Conductivity Ĉ̂ " PID

.
/ '

LABORATORY PARAMETERS: t_v ' Zjit l-^ ^ lc~&-( ) , CC . A>L /
_/ " ""rss

OBSERVATIONS: ^

SEDIMENT

DESCRIPTION:

COLOR _______________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY

FIELD SCREENING MEASUREMENTS: SO *»*-*• ̂ ^ • ST>-»-«- w

pH (a.?3Ct-g| Eh -<O
T«np. TO-r4*^ D.O. /o. 2
Conductivity /CJi PID

LABORATORY PARAMETERS: 7̂ Lt*JJ4 \ ̂ kj(\ '. OO; (̂l/?

OBSERVATIONS:

SIGNATURE

C-4

AMOI67I



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S i U _ _ _ _ _ _ _ _ _ _ _ _
DESCRIPTION OF LOCATION: --iwV.<:u- fr ~\J&r( C*̂ n̂yi( h, /w/
DATE: <T/Z i ff/O TIME: It'lST WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS: AJ*-«T- C<••->-• >- "-<-—

pH (c_t_lA_Ĵ  Eh
Temp. ^C-y'LMh- D.O. ?• C
Conductivity 9- '-2. PID _____

LABORATORY PARAMETERS: vCft;. '/>l,ĉ u ( LJJT-** ~ Ur--U>; . HA>.̂ . C
•TS.S' __ '

OBSERVATIONS:

SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY 'A " ^ - to

FIELD SCREENING MEASUREMENTS:

Eh
D.O.

Conductivity 6Q PID

LABORATORY PARAMETERS:: 1/VO/? ' ̂ 7. tiJLi '.
7 /

t-u-t

OBSERVATIONS:

SIGNATURE

C-4

Ii30l672



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER S l
DESCRIPTION OF LOCATION: /-x>* x̂.̂ , /^J * f, •, j - f-\ ̂  7uc-_ C '.̂ ak
DATE: SVJZ^ TIME: HCr- WEATH1-R AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

. >V6.'>pH 0 . +V/4.'>V Eh
Temp. k̂ LJljiilJ-f •''•''̂" D-c>- _( .; c' '
Conductivity /^7 PID

LABORATORY PARAMETERS: VC/1.' W_.X*J<-, (LJiST-vj! r-'Lct̂ ,) b̂ 'M,
^-/^. . TSS 7 : _____

OBSERVATIONS:
i, y-

SEDIMENT

DESCRIPTION: ^ " -f -̂  S/f̂ 'b; t̂ -**-*.---*̂ ^ - xC/" J> û  Ĉ _/̂ X ,-/ f.v<. '/

COLOR ____________________ TOTAL DEPTH: fc1'
PARTICLE SIZE/STRATIGRAPHY ___________________________________

FIELD SCREENING MEASUREMENTS: b̂ ,v-̂ £ <iu// 5C

pH 6/»8/fe.S"» Eh - /9-
T««P. ?y. > D.O.
Conductivity / V ? PID

LABORATORY PARAMETERS: VOA*. ̂ LtdL • OO

OBSERVATIONS:

SIGNATURE

C-4

167 3



SURFACE WATER AND SEDIMENT SAMPLE COU-ECTION FORM

STATION NUMBER 00 £-
DESCRIPTION OF LOCATION: ___i .
DATE: 2.1-hl TIME: 3'=£> P(r\ WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH _______ Eh
Temp. ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS:

OBSERVATIONS: --oolf 4e~fcg in -e> wi
^yr>pj

•-fo collfcA- t£e&-\) . SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY

FIELD SCREENING MEASUREMENTS:

LABORATORY PARAMETERS:

OBSERVATIONS:

SIGNATURE

C-4

pH ______ Eh
T«ap. ______ D.O.
Conductivity ______ PID



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER PO £ -
DESCRIPTION OF LOCATION: oOQC^/ -*-<•<?? j rc-'v • '______
DATE: rfc, fat TIME: 3 : 3S~P.-v\ WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH _______ Eh
Temp. ______ D.O.
Conductivity _______ PID

LABORATORY PARAMETERS:___________________________

OBSERVATIONS:

SEDIMENT

DESCRIPTION:

COLOR T3rcoQQ_________ TOTAL DEPTH: £> —*y "
PARTICLE SIZE/STRATIGRAPHY

FIELD SCREENING MEASUREMENTS:

pH ______ Eh
T*mp . ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS i

OBSERVATIONS:

SIGNATURE

C-4

Alt 301(75



SURFACE WATER AND SEDIMENT SAMPLE CO1LLECTION FORM

STATION NUMBER
DESCRIPTION OF LOCATION: rwi -n=̂ ^ ^
DATE: -2/4. A? I TIME: 3: WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH ______ Eh
Temp. ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS: '\J£>As________________

OBSERVATIONS: Do ̂  1 sAc- 1 -k <-«•»«-» -£-o,w
Z'v *

SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY ________________

FIELD SCREENING MEASUREMENTS:

pH ______ Eh
T«ap. ______ D.C).
Conductivity ____________

LABORATORY PARAMETERS:

OBSERVATIONS:

SIGNATURE

C-4



SURFACE WATER AND SEDIMENT SAMPLE COLLECTION FORM

STATION NUMBER
DESCRIPTION OF LOCATION: _____ _
DATE: 2 /C. A / TIME: 3'<f WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH ______ Eh
Temp. ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS:

OBSERVATIONS: -C&̂ w G •re.o.-yQ
v-,

SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY _____________

FIELD SCREENING MEASUREMENTS:

pH ______ Eh
Temp. ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS:.

OBSERVATIONS:

SIGNATURE

C-4

A83t>i677



SURFACE WATER AND SEDIMENT SAMPLE COLJLECTION FORM

STATION NUMBER
DESCRIPTION OF LOCATION: _ _________
DATE: T\f_ 1^ > TIME: fr-'OO PQ-i WEATHER AIR TEMP:

SURFACE WATER

FIELD SCREENING MEASUREMENTS:

pH _______ Eh
Temp. ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS: V/O./W_________________

OBSERVATIONS: L̂vWI f-e -4-g.llgyv

SEDIMENT

DESCRIPTION:

COLOR _________________ TOTAL DEPTH:
PARTICLE SIZE/STRATIGRAPHY _____________

FIELD SCREENING MEASUREMENTS:

pH ______ Eh
T«np. ______ D.O.
Conductivity ______ PID

LABORATORY PARAMETERS:

OBSERVATIONS:

SIGNATURE

C-4



APPENDIX E

SLUG TEST DATA WITH GRAPHICAL RESULTS
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APPENDIX F

LABORATORY DATA

(Validated Data Summary Tables and
Validation Reports)
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ENGINEERS

ICF KAISER ENGINEERS. INC
93OO LEE HIGHWAY
FAIRFAX. VIRGINIA 22O3M2O7
703/934-33OO

TO: Claudia Brand : ;
]

FROM: Jay Kuhn ;

DATE: July 16, 1990
! |

SUBJECT: Arrowhead Plating Site, Data Validation, 3 Soil Samples and 2
Water Samples, Semivolatile and Volatile Organic Analysis, Versar
Inc., Virginia.

: , !
1

REFERENCE: Validation 5, Versar Control Number 2549 and 2502, Surface Soil,
Groundwater

A level I validation was performed on the organic analytical data from 3 soil
samples and 1 water sample collected at the Arrowhead Plating Site as part of
the Remedial Investigation/Feasibility Study. The samples were analyzed for
EPA Target Compound List (TCL) semivolatile and volatile organics by Versar
Inc., Springfield, Virginia. A volatile organic compounds trip blank was also
included in the sample package. Validation was performed in accordance with
the EPA Functional Guidelines for Evaluating Organics Analyses (February
1,1988). A copy of the checklist has been provided as attachment for your
information.

The samples included in the data package are the following.

Water Soil

MW1-GW1 SS29
Trip Blank 10 SS30

SS31

Overall Data Assessment: The overall laboratory performance met quality
control criteria with the following exceptions:

1. Data for the non-detected compounds carbon disulfide, vinyl acetate, 4-
methyl-2-pentanone, and 2-hexanone in sample' MW-1 GU-1 should be
rejected due to the non-compliance of the continuing calibration
standard. In addition, the detected value for acetone should be
considered estimated.

!
2. Sample MW-1 GW-1 the identification of 2-butanone does not meet criteria

for SW846 Method 8240 or EPA Contract Laboratory Program. The result is
qualified as tentatively identified.



3. The method detection limits for semivolatile analysis of SS29, SS30, and
SS31 are elevated by a factor of 1.1.

•ft-301719



The following criteria were reviewed in validating the data:

1. Holding Time: All criteria met.

2. GC/MS Tune: All criteria met.

3. Calibration:
! I

Volatile TCL:

Instruments Y and U were used to perform the volatile analysis.
Calibration results for each instrument are as follows:

i
Instrument Y

Initial: 4/25/90, meets criteria.
Continuing: 4/30/90, 7 compounds have a percent Deviation (XD) >
25X.

i i
Impact on data: Results for compounds in MW1-GW1 which are
quantitated on continuing calibrations with percent deviation (XD)
> 25X should be qualified as follows: detected compound values
should be estimated for acetone and all. non-detected data should
be rejected for carbon disulfide, vinyl acetate, 4-methyl-2-
pentanone, and 2-hexanone.

i\
Instrument U .

Initial: 4/23/90, meets criteria.
Continuing: 4/27/90, 4 compounds have a ZD > 25Z.

I j
Impact on data: The percent deviation was greater than 25X for
bromomethane, chloroethane, acetone, and carbon disulfide. The
samples potentially impacted were SS29, SS30, and SS31. Since the
noted analytes were not quantitated in these samples, no action is
warranted.

j
Semivolatile TCL:

I li |

Instrument Z was used to perform semivolatile analysis.
Calibration results for the instrument are as follows:

Instrument Z
ii

Initial: 5/15/90, 1 compound has a percent relative standard
deviation (XRSD) > 30Z. ]

I
Impact on data: The percent deviation was grea.ter than 30% for 3-
nitroaniline. The samples potentially impacted, were SS29, SS30,
and SS31. Since the noted analyte was not quantitated in these
samples, no action is warranted.

•1136172$



Continuing: 5/16/90, 1 compound has a XD > 25X.

Impact on data: The percent deviation was greater than 25X for 3-
nitroaniline. Although sample results were not impacted, the
matrix spike and matrix spike duplicate for SS29 could potentially
be impacted. However, this is not within the scope of a Level I
validation, and no action is warranted.

4. Blanks:

Blank analysis results were assessed to evaluate the potential of
contamination contribution by the sampling and/or analytical
process. Field blanks, trip blanks, and laboratory blanks were
included in this data package. The maximum concentration of
contamination found in any of the field, trip, or laboratory
blanks and the impact on data were as follows:

Contamination
Considered

Detected Non-detect
Concentration up to

Contamination of Contamination Concentration Blank I.D.

Acetone 15 ug/L 150 ug/L Trip Blank 10
Methylene Chloride 1 ug/L 10 ug/L VBLK17

Impact on data: Acetone and methylene chloride were not detected in any
of the associated samples; therefore, no action is warranted.

5. Surrogate Spike: All criteria were met for volatile and semivolatile
analyses.

6. Matrix Spike/Matrix Spike Duplicate:

Volatile: Meets criteria.

Semivolatile: The matrix spike, SS29MS, had three matrix spikes
out and the matrix spike duplicate, SS29MSD, had two matrix spikes
out. In addition, the relative percent deviation (RPD) for
acenapthene was out at 21%. SS29 is not impacted by these
variances nor are the individual samples associated with this
case.

7. Field Duplicates: No field duplicates submitted for this analytical
sequence.

8. Internal Standard (IS) Performance: All submitted samples meet IS
criteria.

1H30J72J



9. TCL Compound Identification:

Sample MW-1 GW-1 the identification of 2-Butanone does not meet criteria
for SW846 Method 8240 or EPA Contract Laboratory Program. The mass ion
39 in the sample spectrum is not within 20% of the standard spectrum.
The compound was not qualified as tentatively identified on the data
summary sheet.

10. Compound Quantitation and Reported Detection Limits:
i

A dilution factor of 1.1 resulted for the semivolatile TCL analysis of
SS29, SS30 and SS31. This-occurred as a result of the final extract
being spilt for pesticide analysis. It should be noted that the field
chain of custody did not designate these samples for pesticide analysis.
As a result of this dilution, the minimum method detection limits were
elevated by a factor of 1.1.

1 i

11. Tentatively Identified Compounds: All criteria met
!

12. System Performance: System performance acceptable.



ICF KAISER

•ICF KAISER ENGINEERS. INC
93OO LEE HIGHWAY
FAIRFAX VIRGINIA 22031-120?
7O3/934-330O

TO: . Claudia Brand

FROM: Jay Kuhn

DATE: July 17, 1990

SUBJECT: Arrowhead Plating Site, Data Validation, 14 Water Samples Volatile
Organic Analysis, Versar Inc., Virginia.

REFERENCE: Validation 6, Versar Control Number 2516, Groundwater

A level I validation was performed on the organic analytical data from 14
water samples collected at the Arrowhead Plating Site as part of the Remedial
Investigation/Feasibility Study. The samples were analyzed for EPA Target
Compound List (TCL) volatile organics by Versar Inc., Springfield, Virginia.
Validation was performed in accordance with the EPA Functional Guidelines for
Evaluating Organics Analyses (February 1, 1988). A copy of the checklist has
been provided as an attachment for your information.

The samples included in the data package are the following.

MW-2 GW-1 MW-9 GW-1A
MW-3 GW-1 MW-10 GW-1
MW-5 GW-1 MW-12 GW-1
MW-6 GW-1 MW-13 GW-1
MW-7 GW-1 Trip Blank 11
MW-8 GW-1 Trip Blank 12
MW-9 GW-1 Equip Blank 2

Overall Assessment of Data for Samples Evaluated:

In order to quantify target compounds, dilutions were done. As a result, the
following samples had method detection limits increased by the following
dilution factors:

Sample ID; Dilution Factor:

MW8-GW1 100
MW9-GW1 2000
MW10-GW1 100
MW12-GW1 100
MW13-GW1 100

SB30I723



Given the extensive problems with this data set, a summary of the
available data is given.

Sample MW-2 GW-1: The o'riginal analysis of this sample (MW-2 GW-l) is
not usable for the following reasons: che analysis was over-diluted by a
factor of 100, extensive contamination was present from the previous
analysis, and a surrogate was noncompliant (l,2-dichloroethane-D4). The
reextraction (MW-2 GW-1RE) is usable. As a result a not meeting holding
time, the detected result for trichloroethene; and quantitation limits
for the remaining non-detected compounds should be considered estimated.

i '

Sample MW-3 GW-1: The original analysis of this sample (MW-3 GW-1) INS
not usable for che following reasons: the analysis was over-diluted by a
factor of 100 and a surrogate was noncorapliant (l,2-dichloroethane-D4).
The reextraction (MW-3 GW-1RE) is usable. No target compounds were
detected; therefore, as a result a not meeting holding time,
quantitation limits for non-detected compounds should be considered
estimated. ;

Sample MW-5 GW-1: The original analysis of this sample (MW-5 GW-1) is
not usable for the following reasons: the analysis was over-diluted by a
factor of 100, extensive contamination was present from the previous
analysis, and a surrogate was noncorapliant (l,2-dichJloroethane-D4). The
reextraction (MW-5 GW-1RE) is usable. No target compounds were
detected; therefore, as a result a not meeting holding time,
quantitation limits for non-detected compounds should be considered
estimated. ;

Sample MW-6 GW-1: The original analysis of this sample (MW-6 GW-1) is
not usable for the following reasons: the analysis v&s over-diluted by a
factor of 100 and a surrogate was noncompliant (l,2-dichloroethane-D4).
The reextraction (MW-6 GW-1RE) is usable. As a result a not meeting
holding time, the result for tetrachloroethene and quantitation limits
for the remaining non-detected compounds should be considered estimated.

Sample MW-7 GW-1: The original analysis of this sample (MW-7 GW-1) is
usable. The potential impact on the data is as follows: detected
compound values for acetone, carbon disulfide, vinyl acetate, 4-methyl-
2-pentanone, and 2-hexanone should be estimated and reject the data of
these compounds when they are non-detected. These compounds were not
detected; therefore, the quantitation limits for these compounds should
be rejected.

Sample Mtf-8 Gtf-1: The original analysis of this sample (MW-8 GW-1) is
usable. The potential impact on the data is as follows: detected
compound values for acetone, carbon disulfide, vinyl acetate, 4-methyl-
2-pentanone, and 2-hexanone should be estimated and reject the data of
these compounds when they are non-detected. Acetone was detected and
therefore should be considered estimated; the quantitation limits for
carbon disulfide, vinyl acetate, 4-methyl-2-pentanone, and 2-hexanone
should be rejected.
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Sample MW-9 GW-1: The original analysis of this sample (MW-9 GW-1) is
not usable for the following reasons: che reported results for this
analysis (MW-9 GW-1) were qualitatively verified from the diluted
reanalysis (MW-9 GW-1DL). The results reported from the diluced
reanalysis are usable, but these results should be qualified for
mechylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impacc on the data is as follows: the detected results for 1,1-
dichloroethene, 1,1,1-trichloroethane, and tetrachloroethene as well as
che quantitation limits for che remaining non-detected compounds should
be considered estimated.

Sample MW-9 GW-1A: The original analysis of this sample (MW-9 GW-1A) is
not usable for the following reasons: the reported results for this
analysis (MW-9 GW-lA) were qualitatively verified from the diluted
reanalysis (MW-9 GW-lADL). The results reported from the diluted
reanalysis are usable, but these results should be qualified for
methylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected results for 1,1-
dichloroethene, 1,1,1-trichloroethane, and tetrachloroethene as well as
che quantitation limits for the remaining non-detected compounds should
be considered estimated.

Sample MW-10 GW-1: The original analysis of this sample (MW-10 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-10 GW-1) were qualitatively verified from the reextraction
(MW-10 GW-1RE). The results reported from the reextraction are usable,
but these results should be qualified for methylene chloride detected in
the associated reagent blank. In addition, for not meeting holding time
positive results and quantitation limits for nonpositive results should
be considered estimated. The impact on the data is as follows: the
detected results for 1,1-dichloroethene, 1,1,1-trichloroethane,
crichloroethene and tetrachloroethene as well as the quantitation limits
for the remaining non-detected compounds should be considered estimated.

Sample MW-12 GW-1: The original analysis of this sample (MW-12 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-12 GW-1) were qualitatively verified from the reextraction
(MW-12 GW-1RE). The results reported from the reextraction are usable,
but these results should be qualified for methylene chloride detected in
the associated reagent blank. In addition, for not meeting holding time
positive results and quantitation limits for nonpositive results should
be considered estimated./ The impact on the data is as follows: the
detected results for l,£-dichloroethene££->€*i), 1,1,1-trichloroethane,
trichloroethene, and tetrachloroethene as well as the quantitation >
limits for the remaining non-detected compounds should be considered
estimated.



Sample MW-13 GW-1: The original analysis of this sample (MW-13 GW-1) is
not usable for the following reasons: the reported results for this
analysis (MW-13 GW-1) were qualitatively verified from the reextraction
(MW-13 GW-1RE). The results reported from the reextraction are usable,
but these results should be qualified for methylene chloride detected in
che associaced reagent blank. In addition, for not meeting holding time
posicive results and quantitation limits for^nonpositive results should
be considered estimated. The impact on the data is as follows; the
detecced results for Î ISĵ NretylVWv̂ tlieise--, 1,2-dichloroethene, 1,1,1-
crichloroechane, trichloroethene and Cetrachloroech«ne as well as Che
quanticacion limits for the remaining non-dececced compounds should be
considered estimated.

Sample Equip Blank 2: The original analysis of this sample (Equip Blank
2) is not usable for Che following reasons: the reported results for
this analysis (Equip Blank 2) were qualitatively verified from the
reextraction (Equip Blank 2RE). The results reported from the
reextraction are usable, but chese results should be, qualified for
methylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected methylene chloride is
considered non-detect and the detected result for acetone as well as the
quantitation limits for the remaining non-detect compounds should be
considered estimated. .

1 \

Sample Trip Blank 11: The original analysis of this sample (Trip Blank
11) is not usable for the following reasons: the reported results for
this analysis (Trip Blank 11) were qualitatively verified from the
reextraction (Trip Blank 11RE). The results reported from the
reextraction are usable, but these results should be qualified for
methylene chloride detected in the associated .reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected methylene chloride is
considered nondetect and the quantitation limits for the remaining
nondetect compounds should be considered estimated.

i !
Sample Trip Blank 12: The original analysis of this sample (Trip Blank
12) is not usable for the following reasons: the reported results for
this analysis (Trip Blank 12) were qualitatively verified from the
reextraction (Trip Blank 12RE). The results reported from the
reextraction are usable, but these results should be qualified for
methylene chloride detected in the associated reagent blank. In
addition, for not meeting holding time positive results and quantitation
limits for nonpositive results should be considered estimated. The
impact on the data is as follows: the detected methylene chloride is
considered nondetect and the detected result for acetone as well as the
quantitation limits for the remaining nondetect compounds should be
considered estimated.
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The following criteria were reviewed in validating the data:

1. Holding Time:

The following samples failed to meet holding time criteria:

MW-2 GW-1 MW-10 GW-1
MW-3 GW-1 MW-12 GW-1
MW-5 GW-1 MW-13 GW-1
MW-6 GW-1 Trip Blank 11
MW-9 GW-1 Trip Blank 12
MW-9 GW-1A . Equip Blank 2

Impact on data: For all samples positive results and quantitation limits
for nonpositive results should be considered estimated.

2. GC/MS Tune: All criteria met.

3. Calibration:

Instruments Y and W were used to perform the volatile analysis.
Calibration results for each instrument are as follows.

Instrument Y

Initial: 4/25/90, meets criteria.
Continuing: 4/30/90, 7 compounds have a %D > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for acetone, carbon
disulfide, vinyl acetate, 4-methyl-2-pentanone, and 2-hexanone should be
estimated and reject the data of these compounds when they are non-
detected. The samples potentially impacted are MW-8 GW-1 and MW-7 GW-
1. The detection of acetone in MW-8 GW-1 should be considered
estimated. The non-detect data for carbon disulfide, vinyl acetate, 4-
methyl-2-pentanone, and 2-hexanone should be rejected for MW-8 GW-1 and
MW-7 GW-1.

Instrument V

Initial: 4/27/90, meets criteria.
Continuing: 4/27/90, 1 compound has a %D > 25%.

Impact on data: Results for the compound acetone which is quantitated on
a continuing calibration with a percent deviation (%D) > 25% should be
qualified as follows: the detected compound value for acetone should be
estimated. The samples potentially impacted are MW-13 GW-1, MW-12 GW-
1, MW-10 GW-1, Trip Blank 12, Trip Blank 11, Equip Blank 2, MW-9 GW-lA,
and MW-9 GW-1. Due to loss of data during transfer from disk to tape,
these analyses are not usable.
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Initial: 4/30/90, meets criteria.

Initial: 5/7/90, meets criteria.
Continuing: 5/8/90, 1 compound has a %D > 25%.

Impact on data: Results for the compound chloromethane which is
quantitated on a continuing calibration with a percent deviation (%D) >
25% should be qualified as follows: the detected compound value for
chloromechane should be estimated. The samples potentially impacted are
Equip Blank 2RE (reextraction), Trip Blank 11RE (reextraction)> Trip
Blank 12RE (reextraction), MW-9 GW-1DL (dilution), MW-9 GW-lADL
(dilution), MW-10 GW-1RE (reextraction), MW-10 GW-1RE (reextraction),
MW-12 GW-1RE (reextraction), and MW-13 GW-1RE (reextraction). This
compound was not detected in these samples.

4. Blanks: j

The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.
Both field blanks and laboratory blanks are included in this data
package. The maximum concentration of contamination found in any of the
field or laboratory blanks are as follows:

|
i

Contamination
Considered

Detected Non-detect
Concentration up to

Contamination of Contamination Concentration Blank I.D.

Methylene Chloride 1 ug/L 10 ug/L VBLK17
Methylene Chloride 5 ug/L 50 ug/L VBLK21
Acetone 8 ug/L 80 ug/L VBLK45
Acetone 15 ug/L 150 ug/L VBLK66
Acetone 12 ug/L 120 ug/L Equip Blank 2
Methylene Chloride 4 ug/L 40 ug/L Equip Blank 2RE
Acetone 10 ug/L 100 ug/L Equip Blank 2RE
Acetone 13 ug/L 130 ug/L Trip Blank 11
Methylene Chloride 5 ug/L 50 ug/L Trip Blank 11RE
Acetone 13 ug/L 130 ug/L Trip Blank 12
Methylene Chloride 6 ug/L 60 ug/L Trip Blank 12RE
Acetone 10 ug/L 100 ug/L Trip Blank 12RE

5. Surrogate Spike:
I !

Surrogate recovery windows created from EPA Contract Laboratory Program
data base. The following samples had the same surrogate out for the
original analyses: MW-2 GW-1, MW-3 GW-1, MW-5 GW-1, and MW-6 GW-1.
Impact on data: The data for these analyses are not usable (see Overall
Assessment Section).
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6. Matrix Spike/Matrix Spike Duplicate:

All recoveries and Relative Percent Deviations (RPD's) meet criteria.

7. Field Duplicates:

The field duplicates are MW-9 GW-1 and MW-9 GW-lA as well as MW-9 GW-1DL
(dilution) and MW-9 GW-lADL (dilution). Samples MW-9 GW-1 and MW-9 GW-
1A were analyzed within holding time but the results exceeded che linear
range of the curve. The dilutions were within linear range but exceeded
che holding time. These results and Relative Percent Deviations (RPDs)
are as follows:

Compound
Quantitated MW-9 GW-1 MW-9 GW-lA RPDs

1,1-Dichloroethene 11,000 ug/L 9,900 ug/L .11%
1,1,1-Trichloroethane 180,000 ug/l 160,000 ug/L 12%
Trichloroethene 610 ug/L 580 ug/L 5%
Tetrachloroethene 28,000 ug/L 25,000 ug/L 11%

The results for the reanalysis at a dilution (suffix DL) are as follows:

Compound
Ouantitated MW-9 GW-1DL MW-9 GW-lADL RPDs

1,1-Dichloroethene 9,900 ug/L 9,800 ug/L 1%
1,1,1-Trichloroethane 150,000 ug/L 140,000 ug/L 7%
Trichloroethene ND ND 0%
Tetrachlorothene 26,000 ug/L 26,000 ug/L 0%
Methylene Chloride 14,000 ug/L 15,000 ug/L 7%

Legend:ND-not detected as a result of the dilution.

Impact on data: The field duplicates reflect good precision. It is in
the reviewers judgement that there is no significant impact on the data.

8. Internal Standard (IS) Performance:

All submitted samples meet IS criteria except MW-6 GW-1MS (matrix spike)
and MW-6 GW-1MSD (matrix spike duplicate). Both samples had low
internal standards (1,4-difluorobenzene and chlorobenzene). Impact on
data: positive results which are quantitated from the internal standards
should be estimated as well as quantitation limits for non-positive
results.

9. TCL Compound Identification:

As a result of the failure of the data system of instrument W,
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identification of compounds were from the reextraction (outside holding
time) and the values reported were from the original extraction. This
applies to the following samples: MW-9 GW-1, MW-9 GW-lA, MW-10 GW-1, MW-
12 GW-1, MW-13 GW-1, Equip Blank 2, Trip Blank 11, and Trip Blank 12.

10. Compound Quantitation and Reported Detection Limits:

As a result of over-dilution, method quantitation limits were not met
for the following files: MW-2 GW-1, MW-3 GW-1, MW-5 GW-1, and MW-6 GW-1.
It should be noted that reextractions (outside holding time) are
available for these samples. In addition, in order to quantify target
compounds, dilutions were done. As a result, che following samples had
mechod detection limits increased by the following dilution factors:

Sample ID: Dilution Factor:

MW8-GW1 100 '.,
MW9-GW1 2000 ;
MW10-GW1 100
MW12-GW1 100
MW13-GW1 100

11. Tentatively Identified Compounds: All criteria met.

12. System Performance:

For instrument W, during transfer of data from disk to tape, all data
was lost. This impacts the results for the following samples: MW-2 GW-
1, MW-3 GW-1, MW-5 GW-1, MW-6 GW-1, MW-9 GW-1, MW-9 GW-lA, MW-10 GW-1,
MW-12 GW-1, MW-13 GW-1, Trip Blank 11, Trip Blank 12, and Equip Blank 2,
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ICF KAISER
ENGINEERS

ICF KAISER ENGINEERS. INC
93OO LEE HIGHWAY
FAIRFAX. VIRGINIA 22O3M2O7
7O3/934-33OO

TO: Claudia Brand

FROM: Jay Kuhn

DATE: July 16, 1990

SUBJECT: Arrowhead Plating Site, Data Validation, 12 Water
Samples,Semivolatile Organic Analysis, Versar Inc., Virginia.

REFERENCE: Validation 7, Versar Control Number 2516, Groundwater

A level I validation was performed on organic analytical data from 14 water
samples collected at the Arrowhead Plating Site as part of the Remedial
Investigation/Feasibility Study. The samples were analyzed for EPA Target
Compound List (TCL) semivolatile organics by Versar Inc., Springfield,
Virginia. Validation was performed in accordance with the EPA Functional
Guidelines for Evaluating Organics Analyses (February 1, 1988). A copy of the
checklist has been provided as an attachment for your information.

The samples included in the data package are the following.

MW-2 GW-1 MW-9 GW-lA
MW-3 GW-1 MW-10 GW-1
MW-5 GW-1 MW-12 GW-1
MW-6 GW-1 MW-13 GW-1
MW-7 GW-1 Equip Blank 2
MW-8 GW-1
MW-9 GW-1

Overall Assessment of Data for Samples Evaluated:

The non-detected data results for the semivolatile acid fraction of sample MW-
10 GW-1 should be rejected due to poor surrogate recovery.
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The following criteria were reviewed in validating the data:

1. Holding Time: All criteria met.

2. GC/MS Tune: All criteria met.
!

3. Calibration:
!

Instrument T was used to perform the semivolatile analysis. Calibration
results for the instrument are as follows.

Instrument T
!

Initial: 5/18/90, 1 compound, benzoic acid, has a %R,SD > 30%.

Impact on data: Results for compounds which are quantitated on initial
calibrations with percent deviation (%D) > 30% should be qualified as
follows: detected compound values for benzoic acid should be estimated.
The samples potentially impacted are MW-2 GW-1, MW-3 GW-1, MW-5 GW-1,
MW-6 GW-1, and MW-7 GW-1. Benzoic acid was not detected in any of these
samples.

Continuing: 5/21/90, meets criteria.

4. Blanks:

The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.
Both field blanks and laboratory blanks are included in this data
package. No compounds were detected in the blanks and therefore there
is no impact on the data.

5. Surrogate Spike:
i • i

Sample MW-10 GW-1 had one acid surrogate at less than 10%. It should be
noted that no more sample was available for reextraction.

I
Impact on data: The detection of compounds from the acid fraction should
be considered estimated and reject the non-detect data for the acid
fraction. ,

i !

6. Matrix Spike/Matrix Spike Duplicate: not done with this analytical
sequence.

7. Field Duplicates:

The field duplicates are MW-9 GW-1 and MW-9 GW-lA. No compounds were
detected in ether MW-9 GW-1 or MW-9 GW-lA. .

8. Internal Standard (IS) Performance: meets criteria.
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9. TCL Compound Identification: All qualitative analysis acceptable.

10. Compound Quantitation and Reported Detection Limits: All quantitation
limits were met. Instrument detection limits were not supplied.

11. Tentatively Identified Compounds: All criteria met.

12. System Performance: Acceptable



ICF KAISER
ENGINEERS

ICF KAISER ENGINEERS. INC.
93OO LEE HIGHWAY
FAjRFAX. VIRGINIA 22O3I-12O7

__ _, ... 7O3/934-33OOTO: Claudia Brand
I

FROM: Jay Kuhn
: i

DATE: July 17, 1990 \

SUBJECT: Arrowhead Plating Site, Data Validation, 2 Soil Boring Samples,
4 Water Samples, Semivolatile Organic Analysis, Versar
Inc., Virginia.

REFERENCE: Validation 8, Versar Control Number 2753 and 2763, Soil Boring,
Groundwater

A level I validation was performed on the organic analytical data from 2 soil
boring samples, 2 groundwater samples, and field blanks collected at the
Arrowhead Plating Site as part of the Remedial Investigation/Feasibility
Study. The samples were analyzed for EPA Target Compound List (TCL)
semivolatile organics by Versar Inc., Springfield, Virginia. Validation was
performed in accordance with the EPA Functional Guidelines for Evaluating
Organics Analyses (February 1, 1988). A copy of the checklist has been
provided as an attachment for your information.

The samples included in the data package are the following.

Water Sample: Soil Sample:
I I

Equipment Blank 3 SB4-SS3 (10-12')
Equipment Blank 4 SB4-SS3A (10-12')
MW1-GW2
MW2-GW2

I '

Note: Samples Trip Blank 13 and Trip Blank (received 5/18/90) were listed in
che narracive, but no data for these samples were submitted in this data
package. ,

Overall Assessment of Data for Samples Evaluated:

The reagent blank SBLK74 is noncompliant with respect to surrogate
recoveries. The laboratory submitted another reagent blank, SBLK71, which was
extracted on the same day as the soil samples SB4-SS3 and SB4-SS3A; however,
this blank was not associated with the extraction sequence of these soil
samples. Although the use of SBLK71 is questionable with respect to
determining contamination contribution from the extraction process, it is in
che reviewers judgement that the noncompliant surrogate recoveries is an
isolated occurrence and does not reflect a fundamental problem with the
extraction process; therefore, no qualification of the data is warranted.
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The following criteria were reviewed in validating the data:

1. Holding Time: All criteria met

2. GC/MS Tune: All criteria met.

3. Calibration:

Semivolatile Analysis Calibration:

Instrument T was used to perform the semivolatile analysis.
Calibration results for this instrument is as follows:

Instrument T

Initial: 6/11/90, 1 compound, benzoic acid, has a percent relative
standard deviation (%RSD) > 30%.

Impact on data: No samples were quantitated on this initial
calibration.

Continuing: 6/12/90, 1 compound, benzoic acid, has a percent
deviation (%D) > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with %D > 25% should be qualified as
follows: detected compound values should be estimated for benzoic
acid. The samples potentially impacted are SB4-SS3, SB4-SS3A,
SB4-SS3MS, and SB4-SS3MSD. Benzoic acid was not detected in any
of these samples.

Instrument Z

Initial: 6/7/90, Meets criteria.

Continuing: 6/7/90, 1 compound, 4-chloroaniline, has a percent
deviation (%D) > 25%.

jmpact on data: Results for compounds which are quantitated on
continuing calibrations with %D > 25% should be qualified as
follows: detected compound values should be estimated for 4-
chloroanilne. The samples potentially impacted are MW1-GW2 and
MW2-GW2. 4-Chloroaniline was not detected in any of these
samples.

4. Blanks:

The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.
Both field blanks and laboratory blanks are included in this data
package. The compound bis(2-ethylhexyl)phthalate was detected at 53
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ug/Kg in laboratory blank SBLK71. This would result in a 'considered
nondetect1 value of 530 ug/Kg for associated samples:. It should be
noted that, although this blank was extracted on thei same day as the
samples, this reagent blank is not che associated blank for the
semivolatile extraction sequence.

5. Surrogate Spike:

Water Matrix: \ ,
I

Surrogate recovery windows created from EPA Contract Laboratory Program
data base. All samples and field blanks for the water matrix had high
acid surrogate recoveries. Due to lack of sample, reextractions were
not done. ,

Impact on data: All positive results for the acid fraction should be
considered estimated for the following samples: MW1-GW2 and MW2-GW2. No
compounds from the acid fraction were detected.

Soil Matrix: ,
I

All surrogates for the reagent blank SBLK74 were less than 10%.

Impact on data: The laboratory submitted another reagent blank, SBLK71,
which was extracted on the same day as the soil samples SB4-SS3 and SB4-
SS3A; however, this blank was not associated with the extraction
sequence of these soil samples. Although the use of SBLK71 is
questionable with respect to determining contamination contribution from
the extraction process, it is in the reviewers judgement that this
represents an isolated occurrence and does not reflect a fundamental
problem with the extraction process. i

6. Matrix Spike/Matrix Spike Duplicate:
i

The matrix spike SB4-SS3MS had a low recovery for n-nitroso-di-
propylaraine. In addition, the relative percent deviations (RPDs) were
noncompliant for both acid and base neutral matrix spike compounds.

i
Impact on data: Although this could reflect poor precision for the
analytical process. It is in the reviewers judgement: that there is no
impact on the data.

i
7. Field Duplicates:

|
The field duplicates for the soil matrix are SB4-SS3 and SB4-SS3A. No
target compounds were detected in ether sample.

I I

8. Internal Standard (IS) Performance: All criteria met.

9. TCL Compound Identification: All criteria met.
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10. Compound Quantitation and Reported Detection Limits:

Instrument detection limits were not submitted. Quantitation limits
were met except for reagent blank SBLK71. This reagent blank's
quantitation limit should be increased by 1.053.

11. Tentatively Identified Compounds: All criteria met.

12. System Performance: All criteria met.
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ICF KAISER
ENGINEERS

ICF KAISER ENGINEERS. INC
93OO LEE HIGHWAY
FAIRFAX VIRGINIA 22O31-I2O7
703/93.4-3300

TO: Claudia Brand ;
i

FROM: Jay Kuhn

DATE: July 17, 1990 ,
I . '

SUBJECT: Arrowhead Plating Site, Data Validation, 13 Water Samples and 2
Soil Samples, Volatile Organic Analysis, Versar Inc., Virginia.i!

REFERENCE: Validation 9, Versar Control Number 2763 and 2769, Groundwater,
Soil Boring

\ i
j

A level I validation was performed on the organic analytical data from 10
water samples and 2 soil samples collected at the Arrowhead Plating Site as
part of che Remedial Investigation/Feasibility Study. The samples were
analyzed for EPA Target Compound List (TCL) volatile organics by Versar Inc.,
Springfield, Virginia. Validation was performed in accordance with the EPA
Functional Guidelines for Evaluating Organics Analyses (February 1, 1988). A
copy of the checklist has been provided as an attachment for your information.ii
The samples included in the data package are the following.

MW1-GW2 MW5-GW2 MW10-GW2
MW2-GW2 MW6-GW2 MW12-GW2
Trip Blank MW7-GW2 ; MW13-GW2
SB4-SS3 (10-121) MW8-GW2 [ Field Blank 5
SB4-SS3A (10-12') MW9-GW2 , Trip Blank 15

| I

Overall Assessment of Data for Samples Evaluated:
|

1. In order to quantify target compounds, dilutions were done. As a
result, Che following samples had quantitation limits; increased by the
following dilution factors:

i i
Sample ID Dilution Factor—_«_• i

i
MW7-GW2 2
MW8-GW2 100
MW9-GW2 500 ;
MW10-GW2 500
MW12-GW2 200 ;
MW13-GW2 200
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2. Contrary to laboratory deliverables, the qualitative identification of
the following compounds did not meet criteria. The mass ion intensity
of the sample spectrum was not within 20% of the standard spectrum.
Therefore, the following compounds should be qualified as tentatively
identified:

Sample ID: Tareet Compound:

MW2-GW2 Trichloroethene
MW6-GW2 Tetrachloroethene
MW7-GW2 Trichloroethene

Tetrachloroethene
MW8-GW2 Trichloroethene

Tetrachloroethene
MW9-GW2 1,1-Dichloroethene

Tetrachloroethene
MW10-GW2 1,1-Dichlorothene

Trichloroethene
Tetrachloroethene

MW12-GW2 Tetrachloroethene
MW13-GW2 Trichloroethene

Te trachloroe thene
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The following criteria were reviewed in validating the data:

1. Holding Time: All criteria met.

2. GC/MS Tune: All criteria met.

3. Calibration: i

Instruments U and Y were used to perform the volatile analysis.
Calibration results for each instrument are as follows.

i ;•
!

Instrument U
!

Initial: 5/21/90, 1 compound, bromoform, has a relative standard
deviation (%RSD) > 30%. \ ,

Impact on data: No compounds were quantitated from the initial
calibration. I
Continuing: 5/24/90, 2 compounds, chloromethane and carbon disulfide
have a %D > 25%. ,

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for chloromethane should
be estimated.. The samples potentially impacted are SB4-SS3 and SB4-
SS3A. This compound was not detected in ether sample.

Instrument Y
!

Initial: 5/22/90, meets criteria.

Continuing: 5/22/90, 6 compounds, acetone, 1,1,1-trichloroethane, 1,2-
dichloroethane, vinyl acetate, bromodichloromethane, and cis-1,3-
dichloropropene have a %D > 25%.

l I

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for acetone, 1,1,1-
trichloroethane, 1,2-dichloroethane, vinyl acetate,
bromodichloromethane, and cis-1,3-dichloropropene should be estimated.
The samples potentially impacted are MW1-GW2 and MW2-GW2. These
compounds were not detected in ether MW1-GW2 or MW2-GW2.

Initial: 5/23/90, 1 compound, acetone, has a %RSD > 30%.
I

Impact on data: Results for compounds which are quantitated on initial
calibrations with a %RSD > 30% should be qualified as follows: detected
compound values for acetone should be estimated. The samples
potentially impacted are MW5-GW2, MW6-GW2, MW10-GW2, MW12-GW2, MW13-GW2,
MW7-GW2, Field Blank 5, and Trip Blank 15. Acetone was not detected in
any of these samples.



Continuing: 5/24/90, meets criteria.

4. Blanks:

The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.
Boch field blanks and laboratory blanks are included in chis data
package. There were no volatile compounds detected in any of the
laboratory or field blanks.

5. Surrogate Spike:

Surrogate recovery windows created from EPA Contract Laboratory Program
data base. All surrogate recoveries are compliant.

6. Matrix Spike/Matrix Spike Duplicate:

No matrix spike/matrix spike duplicate was done with this analytical
sequence.

7. Field Duplicates:

The field duplicates are SB4-SS3 and SB4-SS3A. Methylene chloride was
detected and 12 ug/Kg and 9 ug/Kg respectively with a RPD of 29%.

8. Internal Standard (IS) Performance: All criteria met.

9. TCL Compound Identification:

Qualitative identification of a target compound requires that the mass
ion intensity of the sample spectrum be within 20% of the standard
spectrum. This criteria for TCL identification was not met for the
following compounds and corresponding samples:

Sample ID: Target Compound:

MW2-GW2 Trichloroethene
MW6-GW2 Te trachloroe thene
MW7-GW2 Trichloroethene

Te trachloroe thene
MW8-GW2 Trichloroethene

Tetrachloroethene
MW9-GW2 1,1-Dichloroethene

Tetrachloroethene
MW10-GW2 1,1-Dichlorothene

Trichloroethene
Tetrachloroethene

MW12-GW2 . Tetrachloroethene
MW13-GW2 Trichloroethene

Tetrachloroethene

Impact on data: These results will be qualified as tentatively identified.
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10. Compound Quantitation and Reported Detection Limits:
! !

The following dilutions occurred in order to quantitated target
compounds within the range of the initial calibration:

Sample ID Dilution Factor

MW7-GW2 2 :
MW8-GW2 100
MW9-GW2 500
MW10-GW2 500
MW12-GW2 200
MW13-GW2 200

i
As a result of these dilutions the method quantitation limits are
increased by the dilution factor for non-detected compounds.

11. Tentatively Identified Compounds: All criteria met.
! j

12. System Performance: All criteria met. ,
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TO: Claudia Brand

FROM: Jay Kuhn

DATE: July 17, 1990

SUBJECT: Arrowhead Plating Site, Data Validation, 9 Water Samples,
Semivolatile Organic Analysis, Versar Inc., Virginia.

REFERENCE: Validation 10, Versar Control Number 2769, Groundwater

A level I validation was performed on the organic analytical data from 8 water
samples collected at the Arrowhead Plating Site as part of the Remedial
Investigation/Feasibility Study. The samples were analyzed for EPA Target
Compound List (TCL) semivolatile organics by Versar Inc., Springfield,
Virginia. Validation was performed in accordance with the EPA Functional
Guidelines for Evaluating Organics Analyses (February 1, 1988). A copy of the
checklist has been provided as an attachment for your information.

The samples included in the data package are the following.
v

MW5-GW2 MW8-GW2 MW12-GW2
MW6-GW2 MW9-GW2 MW13-GW2
MW7-GW2 MW10-GW2 Field Blank 5

Overall Assessment of Data for Samples Evaluated:

1. The acid fraction for sample MW8-GW2 is non-compliant due to poor
surrogate recoveries. All samples results for the fraction were
reported as non-detected, therefore the data for the acid fraction
should be rejected.

2. Data results for 3,3'-Dichlorobenzidene in samples MW5-GW2, MW6-GW2,
MW7-GW2, MW8-GW2, MW9-GW2, MW10-GW2, and MW12-GW2 should be rejected due
to non-compliant continuing calibration.
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The following criteria were reviewed in validating the data:

1. Holding Time: All criteria met

2. GC/MS Tune: All criteria met.
i j

3. Calibration: ; l

Instruments T and W were used to perform the volatile analysis.
Calibration results for each instrument are as follows.

i
; - 1

Instrument T
j i

Initial: 6/11/90, 1 compound, Benzoic Acid, has a relative standard
deviation (%RSD) > 30%. , ]

Impact on data: No samples were quantitated from this initial
calibration. .

i
Continuing: 6/19/90, 6 compounds, Benzoic Acid, 2-Nitroaniline, 4-
Nitrophenol, 4-Bromophenyl-phenylether, Hexachlorobenzene, and
Butylbenzylphthalate have a percent deviation (%D) > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for all 6 compounds
should be estimated. The sample potentially impacted is MW13-GW2. No
compounds were detected in this sample.

Instrument V

Initial: 6/8/90, 4 compounds, Bis(2-chloroisopropyl)ether, 4-
Chloroaniline, 3-Nitroaniline, and 4-Nitroaniline have a %RSD > 30%.

Impact on data: No samples were quantitated from thi« initial
calibration. I
Continuing: 5/22/90, 2 compounds, 3-Nitroaniline and 3,3'-
Dichlorobenzidene have a %D > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D)- > 25% should be
qualified as follows: detected compound values for 3-Nitroaniline and
3,3'-Dichlorobenzidene should be estimated and reject: the data of 3,3'-
Dichlorobenzidene when non-detected. The samples impacted are MW5-GW2,
MW6-GW2, MW7-GW2, MW8-GW2, MW9-GW2, MW10-GW2, and MW12-GW2. Neither 3-
Nitroaniline or 3,3'-Dichlorobenzidene were detected. The data will be
qualified for the rejection of non-detect data of 3,3'-
Dichlorobenzidene.

l
[

4. Blanks:

The intent of blank analysis results are to evaluate the potential of



contamination contribution by the sampling and/or analytical process.
Both field blanks and laboratory blanks are included in this data
package. There were no volatile compounds detected in any of the
laboratory or field blanks.

5. Surrogate Spike:

Surrogate recovery windows created from EPA Contract Laboratory Program
data base. The following are non-compliant surrogate recoveries:

Sample ID: 2-Fluorophenol: Tribromophenol:

MW10-GW2 10%
MW8-GW2 11% 5%

Impact on data: Sample MW8-GW2 is non-compliant. The laboratory stated
that no more sample is available to reextract. All positive results for
the acid fraction for sample MW8-GW2 should be considered estimated and
reject all non-detect data.

6. Matrix Spike/Matrix Spike Duplicate:

No matrix spike/matrix spike duplicate was done with this analytical
sequence.

7. Field Duplicates:

No field duplicate was done for this analytical sequence.

8. Internal Standard (IS) Performance: All criteria met.

9. TCL Compound Identification: All criteria met.

10. Compound Quantitation and Reported Detection Limits:

Quantitation limits were met. Instrument detection limits were not
submitted.

11. Tentatively Identified Compounds: All criteria met.

12. System Performance: All criteria met.
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I ' j
i i

TO: Claudia Brand
I

FROM: Jay Kuhn
i |

DATE: July 18, 1990

SUBJECT: Arrowhead Plating Site, Data Validation, 5 Water Samples
Semivolatile and Volatile Organic Analysis, Versar Inc.,
Virginia. ;

i
REFERENCE: Validation 14, Versar Control Number 2885, Groundwater,
_________________________________________i________________

A level I validation was performed on the organic analytical data from 3
groundwater samples collected at the Arrowhead Plating Site as part of the
Remedial Investigation/Feasibility Study. The samples were analyzed for EPA
Target Compound List (TCL) volatile and semivolatile organics by Versar Inc.,
Springfield, Virginia. A volatile organic compounds trip blank is included in
this analytical sequence. Validation was performed in accordance with the EPA
Functional Guidelines for Evaluating Organics Analyses (February 1, 1988). A
copy of the checklist has been provided as an attachment for your information.

The samples included in the data package are the following,

MW3-GW2 MW4-GW1 MW11-GW1 Field Blank
Trip Blank

Note: Sample MW4-GW1 and MW11-GW1 were incorrectly designated MW4-GW2 and
MW11-GW2 on the field chain-of-custody. These samples are first round
groundwater samples; therefore, with respect to data summaries and validations
they will be designated MW4-GW1 and MW11-GW1. '.

\ !
i • !

Overall Assessment of Data for Samples Evaluated:
!

1. The detected values of methylene chloride in MW4-GW1, MW11-GW1, and MW3-
GW2 should be considered non-detected.

2. For the semivolatile analysis of MW11-GW1 no surrogate compounds were
detected; therefore, all non-detect data should be rejected.

| i
3. In order to quantify target compounds, two dilutions of MW11-GW1 were

done. As a result the method detection limits should be increased by a
factor of 5. ,
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The following criteria were reviewed in validating the data:

1. Holding Time: All criteria met

2. GC/MS Tune: All criteria met.

3. Calibration:

Volatile analysis:

Instrument U was used to perform the volatile analysis. Calibration
results for this instrument is as follows.

Instrument U

Initial: 6/14/90, 2 compounds, acetone and 2-butanone, have a relative
standard deviation (%RSD) > 30%.

Impact on data: No compounds were quantitated from the initial
calibration.

Continuing: 6/14/90, 1 compound, chloroethane, has a %D > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for chloroethane should
be estimated. The samples potentially impacted are MW3-GW2, MW4-GW1,
and MW11-GW1. Chloroethane was not detected in any of these samples;
therefore, no qualification of the data is warranted.

Continuing: 6/15/90, meets criteria.

Semivolatile analysis:

Instrument Z was used to perform the semivolatile analysis. Calibration
results for this instrument is as follows.

Instrument Z

Initial: 6/7/90, meets criteria.

Continuing: 6/19/90, 1 compound, 3-nitroaniline, has a %D > 25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for 3-nitroaniline should
be estimated. The samples potentially impacted are MW3-GW2, MW4-GW1,
and MW11-GW1. 3-Nitroaniline was not detected in any of these samples;
therefore, no qualification of the data is warranted.

Initial: 6/26/90, meets criteria.

AR30i7i>7



Continuing: 6/28/90, 1 compound, 2-methylnaphthalene, has a %D >25%.

Impact on data: Results for compounds which are quantitated on
continuing calibrations with percent deviation (%D) > 25% should be
qualified as follows: detected compound values for 2-methylnapthalene
should be estimated. No samples are impacted by this; therefore, no
qualification of the data is warranted.

4. Blanks:
!
i

The intent of blank analysis results are to evaluate the potential of
contamination contribution by the sampling and/or analytical process.
Both field blanks and laboratory blanks are included in this data
package. The maximum concentration of contamination found in any of the
field, trip, or laboratory blanks is as follows:

' !

Contamination
Considered

Detected Non-detect
Concentration up to

Contamination of Contamination Concentration Blank I.D.
I -••— ! i MI

Methylene Chloride 6 ug/L 60 ug/L VBLK57
Methylene Chloride 4 ug/L 40 ug/L ' Field Blank
Methylene Chloride 4 ug/L 40 ug/L Trip Blank

Impact on data: The detected values of methylene chloride in MW4-GW1,
MW11-GW1, and MW3-GW2 should be considered non-detected.

5. Surrogate Spike: i i
Surrogate recovery windows created from EPA Contract Laboratory Program
data base. All surrogate recoveries were compliant for the volatile
organic analyses. All surrogate recoveries were compliant for the
semivolatile organic analyses except MW11-GW1 in which all surrogates
were non-detect. This is likely a result of not spiking surrogate
compounds into the sample.

i
!

Impact on data: No target compounds were detected; therefore, all non-
detect data should be. rejected.

I !i
6. Matrix Spike/Matrix Spike Duplicate: No matrix spike/matrix spike

duplicate was done with this analytical sequence.

7. Field Duplicates: No field duplicates were done with this analytical
sequence.

8. Internal Standard (IS) Performance: All criteria met:.
j j

9. TCL Compound Identification: All criteria met.



10. Compound Quantitation and Reported Detection Limits:

Instrument detection limits were not submitted. In order to quantify
target compounds, two dilutions of MW11-GW1 were done. As a result the
method detection limits should be increased by a factor of 5.

11. Tentatively Identified Compounds: All criteria met.

12. System Performance: All criteria met.
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TO: Claudia Brand ! j
FROM: Davida Parker Trumbo , ;

t
DATE: July 12, 1990 ;

l

SUBJECT: Arrowhead Plating Site, Data Validation, 2 Soil and 4 Water Samples for Inorganic
________Analysis, Versar Inc., Control No. 2763 ___

•!
A data validation was performed on the inorganic analytical data from 2 soil and 4 water samples
collected at the Arrowhead Plating Site as part of the remedial investigation/feasibility study. The
samples were analyzed in accordance with EPA Contract Laboratory Program protocols for cyanide
and in accordance with SW-846 protocols for the following metals:

Aluminum Chromium Mercury Sodium
Barium Copper Potassium ' Zinc
Calcium Iron Nickel
Cadmium Lead Silver

! I

!
The data was validated in accordance with quality control criteria established in the noted analytical
methods. A copy of the checklist used to record the specific observances has been provided for your
information as an attachment to this report.

samples in this data package included:

MW1-GW2 MW2-GW2 SB4-SS3 :
MW1-GW2 F MW2-GW2 F SB4-SS3A

I ' !

Overall Data Assessment: The overall laboratory performance met quality control criteria with the
following exceptions: i
1. Cyanide samples were analyzed approximately 25 days after sample collection. The detection

limits for this analyte should be considered elevated, indicating the potential for false negatives.
Results for MW1-GW2 and MW2-GW2 should be rejected, and soil boring sample results should
be considered approximate. i , i

2. Silver results are rejected for all monitoring well samples due to poor recoveries associated with
the matrix spike. The potential for false negatives exists due to elevated detection limits.

I i

4. Nickel and potassium results in the water samples and copper results in soil samples should be
approximated due to variances associated with the laboratory duplicate analysis.

I
5. Calcium, chromium, nickel, sodium, and zinc duplicate results in samples SB4-SS3 and SB4-

SS3A exhibited significant variances. This could be attributable to several factors including the
non-homogeneity of the sample. Results for the analytes in theses samples may therefore be
viewed as approximate.
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Data Validation
Control No: 2763
Page 2 of 2

6. Sodium and zinc results are approximated in soil boring samples SB4-SS3 and SB4-SS3A due to
chemical or physical interferences associated with the ICP analysis.

The following criteria were reviewed during the data validation:

1. Holding Times: All criteria were met with the exception of cyanide which was analyzed after the
recommending holding period of 14 days. Cyanide results for water samples should be rejected
and soil boring results should be considered approximate.

2. Initial and Continuing Calibration Verification: All criteria met.

3. Blank Analysis: All criteria were met.

4. ICP Interference Check Sample: All criteria were met.

5. Matrix Spike Sample Analysis: The spike recovery for MW1-GW1 was 9% and suggests
accuracy problems. The results for silver in all water samples should be rejected due to the
potential for false negatives. All criteria were met for soil boring samples.

6. Laboratory Precision Evaluation: All criteria were met for water samples with the exception of
nickel and potassium. The results for these analytes should be approximated in all samples. All
criteria were met for soil samples with the exception of copper suggesting that all soil samples be
approximated for that analyte.

7. Field Precision Evaluation: Duplicate samples were collected for soil boring samples and large
variances between sample results were obtained for the following analyte: calcium, chromium,
nickel, sodium, and zinc. The results for these analytes may be considered approximate.

8. Laboratory Control Sample: Metals were analyzed by SW-846 methods which do not specify
the evaluation of laboratory control samples, but the laboratory submitted the appropriate form
and all analytes were in control. Since cyanide was processed using contract laboratory program
(CLP) protocols the results were evaluated and determined to be in control.

9. Standard Additions/Furnace Atomic Absorption Analysis (GFAA): All criteria were met.

10. Serial Dilution Results: All criteria were met for the water samples. Sample results should be
approximated for sodium and zinc results in the soil boring samples due to chemical or physical
interferences encountered during ICP analysis, approximated for these analytes in the samples.
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